Chapter 4 — Environmental Consequences

his chapter of the EIS provides an analysis of the effects (environmental

consequences) that would result from implementation of the Proposed Ac-
tion and alternatives. An environmenta effect or consequence is defined as a
modification or change in the existing environment brought about by the action
taken. Effects can be direct, indirect, or cumulative in nature and can be tempo-
rary (short term) or permanent (long term). Effects can vary in degree ranging
from only a slight discernable change to a drastic change in the environment. For
the purpose of this EIS, short-term effects are defined as those that would occur
during the construction and drilling/completion phases. Long-term effects are
those caused by construction and operations that would remain longer.

The effects analysis evaluated the effects that would occur in the Project Area,
regardless of land ownership. However, the BLM and FS' decisions on this Pro-
ject would only apply to federa lands. The effects reported for non-federal lands
may occur regardless of the BLM and FS' decisions. Effects on non-federal lands
are included to provide a full disclosure of effects for the complete Project and to
support other environmenta permitting associated with the Project.

Groundwater

During CBM development, a portion of the water contained in the coal aquifer is
removed from CBM wells as produced water. The primary effects on groundwa-
ter resources would be associated with the removal of groundwater stored within
coa seams and the subsequent recharge of aquifers through infiltration or injec-
tion of produced water. The combined effects of coal mining activities and other
existing or reasonably foreseeable conditions on groundwater resources also are
described within this chapter.

The effects of CBM development on groundwater resources would be seen as a
drop in the water level (drawdown) within nearby water wells completed in the
developed coal aquifers and underlying or overlying sand aguifers. Drawdown is
observed when a loss in hydraulic pressure head occurs in the developed coal
aquifers or in the overlying and underlying sand aquifers. The hydraulic pressure
head is the vertical distance between the water level in awater well and the top of
the confined aquifer in which the well is completed.

Partial removal of groundwater from a coal seam (through coal mining opera-
tions or CBM devel opment) would reduce the hydraulic pressure head and create
a hydraulic gradient toward the well or excavation. As groundwater flows into a
pumping well or excavation, there would be a progressive decline in hydraulic
pressure head with time and distance. The effects would be seen as progressive
declines in the water level (drawdown) within nearby water wells completed in
and near the developed coa aquifers.
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Infiltration of produced water would initiate recovery in nearby water wells.
However, continued leakage of infiltrated produced water from overlying and
underlying sands into the coals would delay noticeable recovery of the sands un-
til water removal ends. After water removal ends, water levels in nearby water
wells would be expected to recover. The rate of recovery initialy would be rapid
due to re-equilibration of pressure heads within the coal and |leakage from overly-
ing and underlying units. The rate of recovery in the cod and sand aquifers
would decrease progressively during the recovery period, as the enhanced infil-
tration of produced water declines.

Other potential effects on existing water wells would include changes in water
yield, quality, or methane emissions. Other effects on groundwater resources
would consist of potential changes in the nature of groundwater discharge to the
surface or recharge to the aquifers. The nature of groundwater discharge to the
surface as springs, seeps, or base flows of surface drainages could change. Sur-
face discharge of extracted groundwater from CBM operations into surface
drainages, flow-through stock reservoirs, upland or bottomland infiltration im-
poundments, or upland containment impoundments would enhance recharge of
shallow aquifers below creek and impoundment areas. Injection of CBM pro-
duced water would recharge the aquifer units in which the injection wells are
compl eted.

Hydrogeologic Groups

A detailed description of the geology and hydrology of the areais given in Chap-
ter 3. Thisanalysis focuses on the coal seams of the upper part of the Fort Union
Formation, the sands of the overlying Wasatch Formation, and the alluvium un-
derlying surface drainages.

The Wasatch Formation is exposed at the surface over most of the Project Area
and overlies the Fort Union Formation. The Wasatch Formation consists of fine-
grained sandstones, siltstones, claystones and coas. The sandstones tend to be
discontinuous but locally are utilized for water supply. Coal zones generally are
not economic for mining, or CBM development except in the area of Lake De
Smet near the western margin of the PRB. Siltstones and claystones typically
have low permeability and form hydraulic confining units (or aguitards) within
the Wasatch sequence.

The Fort Union Formation consists of coas, sandstones, siltstones, and clay-
stones. The coals of the upper Fort Union Formation show great variation in
thickness and continuity over the PRB. Coa seams split and merge over dis-
tances of afew miles so that it is more appropriate to consider the coals as part of
a hydrogeologic group rather than as individua aguifers. For the purpose of this
analysis, the upper sequence of the Fort Union Formation has been subdivided
into four hydrogeologic groups defined on the basis of the stratigraphic correla-
tion of coal seams (Goolsby and Finley 2000).

All four coa groups are identifiable in the northern part of the PRB. Groups 1, 2,
and 3 merge to form a thick coal unit, known as the Big George, in the central
portion of the PRB. Only Group 4 is present in the southeastern part of the PRB,
where it is locally known as the Wyodak coal. The outcrop areas of the coal
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seams are characterized by the presence of highly permeable clinker that forms
an important recharge areafor the coal.

Groundwater Assumptions

Recharge to groundwater aquifers occurs from direct infiltration of precipitation
(rain and snowmelt), runoff in creek valleys and standing water in playas. Infil-
tration is significant in areas of more permeable surface geologic units such as
sandstone, or the clinker occurring in outcrop areas of the Fort Union and Wa-
satch Formations. Direct infiltration of precipitation provides a minimal source of
recharge over most of the area because the climate and surface features prohibit
significant infiltration. However, infiltration of surface water in creek valleysis
considered an important source of recharge to the underlying alluvium and the
shallow bedrock aquifers.

A USGS study of two ephemeral drainages in the southern part of the PRB indi-
cated stream losses of between 0.43 to 1.44 acre-feet per mile from individua
storm runoff events (Lenfest 1987) and these values were acknowledged to be
underestimated. Recharge to shallow aquifers from stream valleys ranged from
3.56 to 26.5 acre-feet per mile for individual storm runoff events in the same
study. Recent studies of surface water losses occurring in several drainages of the
PRB receiving CBM produced water during dry weather conditions indicate that
conveyance |losses range from 64 percent to 100 percent of inflows (Meyer 2000,
AHA and Greystone 2001, Babb 1998).

Conveyance losses include both evapotranspiration and leakage into alluvium
and bedrock underlying the streams. Evapotranspiration varies seasonaly, but
probably accounts for less than 20 percent of the conveyance losses over the
course of ayear. A monthly water balance calculation for the Wild Horse Creek
drainage found that evapotranspiration accounted for approximately 18 percent
of the conveyance loss associated with the surface discharge of CBM produced
water within the drainage basin (Hydrologic Consultants Inc. 2001). Recharge of
shallow aquifers due to leakage from rivers or streams is likely to account for
over 80 percent of the conveyance |oss.

For the purpose of this analysis, discharge of CBM produced water to surface
drainages is assumed to result in an 80 percent conveyance loss, 82 percent of
which is due to infiltration and 18 percent due to evapotranspiration. These val-
ues are averaged from various studies of surface water losses in creek flows in
several drainages of the PRB (Meyer 2000, AHA and Greystone 2001, Babb
1998, Lenfest 1987) and result in an estimated net recharge to shallow groundwa-
ter of almost 66 percent of the water produced.

For the purpose of this analysis, where produced water would be discharged to
infiltration impoundments designed to alow infiltration, water would infiltrate at
an estimated rate of eight feet per year. This estimated infiltration rate is used in
the groundwater impact analysis to ensure that the environmental effects that
could result from substantial infiltration of produced water are considered in the
groundwater model analysis. There would be no evapotranspiration of this infil-
tration water so that the net recharge to shallow groundwater would be 100 per-
cent of the produced water that infiltrates the surface.
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For the purpose of this analysis, where produced water would be discharged to
large containment impoundments constructed in a manner that alows minimal
infiltration, an estimated 10 percent of the water stored in these reservoirs would
infiltrate the surface. There would be no evapotranspiration of this infiltration
water so that net recharge to shallow groundwater would be 10 percent of the
produced water discharged into containment impoundments.

For the purpose of this analysis, al of the produced water used for land applica-
tion would be used consumptively. There would be no net recharge from this wa-
ter handling option.

Injection of CBM produced water results in recharge to the zone of injection. For
purpose of this analysis, injection is assumed to be deep injection (such as into
the sands of the lower Fort Union Formation). There would be no net recharge to
the Wasatch sands or the coal zones within the Fort Union Formation from this
water handling option.

Groundwater assumptions and the fate of the CBM-produced water are summa-
rized by alternativein Table 4-1, Table 42, and Table 4-3.

Hydraulic connection between the sands of the Wasatch Formation and the coals
of the upper Fort Union Formation is limited due to the low permeability clay-
stones that separate the two units. However, if the hydraulic head (water level) in
the coal is naturally lower than in the overlying sands, then there is potential for
leakage from the sands into the coal. Based on observation of water levels in
nested monitoring wells, significant leakage into developed coals is only ex-
pected where Wasatch sands occur within approximately 100 feet above or below
the coal zone. The natural leakage rate typically would be extremely small, but
taken over a large area can amount to a significant portion of the total recharge
into the coal.

As sands in the Wasatch Formation tend to be discontinuous, the amount of |eak-
age would aso be limited by the areal extent of sands that exist within 100 feet of
the coal. Locally, the hydraulic connection between the coal and Wasatch sands
may be enhanced if the integrity of the confining layer is compromised by water
supply wells screened through both the coal and the overlying sands, deteriorat-
ing well casings, or poorly plugged oil and gas wells or exploratory drill holes.
L eakage from the Wasatch sands into the coal aso may be enhanced if water lev-
elsin the coa are lowered as a result of coa dewatering activities. Due to the
limited hydraulic communication between the coal and the overlying Wasatch
sands, a significant period of time (typically several years) would likely pass be-
fore noticeable drawdown (drop in water level) in the sands would be apparent.
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Table4-1 Groundwater Assumptions and the Fate of the CBM-Produced Water for Alternatives1 and 3

Surface Discharge Infiltration Containment LAD Injection
Runoff Infiltration Evapotranspiration  Storage Infiltration  Evaporation Storage Infiltration ~ Evaporation Consumptive Deep

Sub-watershed (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) Use Recharge
Upper Tongue River 7 23 5 0 30 15 38 10 52 0 10
Upper Powder River 15 49 1 0 10 5 19 05 26 0 5
Salt Creek 11 36 8 0 23 12 19 05 26 0 5
Crazy Woman Creek 14 46 10 0 3 2 19 05 26 15 5
Clear Creek 7 23 5 0 27 13 19 05 26 10 10
Middle Powder River 13 43 9 0 7 3 38 10 5.2 10 5
Little Powder River 13 43 9 0 7 3 38 10 52 10 5
Antelope Creek 11 36 8 0 23 12 19 05 26 0 5
Upper Cheyenne River 1 36 8 0 23 12 19 05 26 0 5
Upper Belle Fouche River 9 30 6 0 27 13 19 05 26 0 10

Table4-2 Groundwater Assumptions and the Fate of the CBM -Produced Water for Alternative 2A

Surface Discharge Infiltration Containment LAD Injection
Runoff Infiltration ~ Evapotranspiration  Storage Infiltration  Evaporation Storage Infiltration Evaporation Consumptive Deep

Sub-watershed (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) Use Recharge
Upper Tongue River 2 7 1 0 40 20 38 10 52 10 10
Upper Powder River 5 16 4 0 37 18 19 05 26 10 5
Salt Creek 0 0 0 0 40 20 38 10 52 5 25
Crazy Woman Creek 2 7 1 0 40 20 38 10 5.2 10 10
Clear Creek 2 7 1 0 40 20 38 10 5.2 10 10
Middle Powder River 5 16 4 0 34 17 38 10 52 10 5
Little Powder River 5 16 4 0 34 17 38 10 52 10 5
Antelope Creek 8 26 6 0 27 13 19 05 26 10 5
Upper Cheyenne River 8 26 6 0 27 13 19 05 26 10 5
Upper Belle Fouche River 9 30 6 0 20 10 19 05 26 10 10
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Table4-3

Groundwater Assumptions and the Fate of the CBM -Produced Water for Alternative 2B

Surface Discharge Infiltration Containment LAD Injection
Runoff Infiltration Evapotranspiration  Storage Infiltration  Evaporation Storage Infiltration Evaporation ~Consumptive Deep

Sub-watershed (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) Use Recharge
Upper Tongue River 7 23 5 0 23 12 38 1.0 52 10 10
Upper Powder River 8 26 6 0 27 13 19 05 26 10 5
Sdlt Creek 0 0 0 0 40 20 38 1.0 5.2 5 25
Crazy Woman Creek 6 20 4 0 30 15 1.9 05 26 10 10
Clear Creek 6 20 4 0 30 15 19 05 26 10 10
Middle Powder River 9 30 6 0 20 10 3.8 1.0 5.2 10
Little Powder River 9 30 6 0 23 12 19 05 26 10
Antelope Creek 10 33 7 0 20 10 1.9 05 26 10
Upper Cheyenne River 10 33 7 0 20 10 19 05 26 10
Upper Belle Fouche River 10 33 7 0 17 8 1.9 05 2.6 10 10
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Partial isolation of the sand aquifers overlying the cod isindicated in the results
of the BLM groundwater monitoring of the Marquiss CBM project, which has
had the longest history of operation (since 1993). The BLM has monitored two
paired wells since the beginning of the project. MP-22C is completed in the coal
and MP-22S completed in the first overlying sand zone, approximately 40 feet
above the coal. Water level decline of over 250 feet has been observed in the coal
monitoring well, while a water level decline of approximately 20 feet has been
observed in the overlying sand aquifer, after more than eight years of monitoring.
For the purpose of this analysis, the partial isolation of the sand aquifers overly-
ing the coal that has been documented by BLM monitoring is assumed to apply
tothisanalysis.

Through time, many clinker deposits have become saturated as a result of the
infiltration of precipitation and snowmelt. “Ponding” of water may occur along
the interface where clinker meets less permeable coa and sediments of the Wa-
satch Formation. Springs may form at the base of the clinker deposits. Moyer
Springs, located north of Gillette, is a good example of this type of occurrence.

Regional groundwater flow in the eastern part of the PRB is generally to the
northwest (downdip) towards potential discharge areasin the north central part of
the PRB (Daddow 1986). Coa wells in the vicinity of the Powder River exhibit
flowing artesian conditions indicative of upward flow gradients. This supports
the potential for groundwater discharge along the northern part of the Powder
River, although physical evidence for this, in the form of springs and sustained
river base flow, are not readily apparent. It is assumed that most of the discharge
is diffuse and may be consumed by evapotranspiration so that it does not appear
as surface flow. A significant portion of deeper groundwater flow in the PRB
probably discharges farther north, into the Y ellowstone River drainage basin.

Groundwater Modeling Methodology

Numerical groundwater flow modeling was used to predict the impacts of the
Project. Modeling was necessary because of the large extent, variability, and cu-
mulative stresses imposed by mining and CBM development on the Fort Union
and Wasatch aquifer units. Assessment of CBM development impacts has been
performed for earlier environmental assessments for the Marquiss, Lighthouse,
North Gillette, and South Gillette areas (BLM 1992a, 19953, 1995b, 1996, and
19974). A detailed modeling study was completed for the Little Thunder drainage
basin in the southeastern part of the PRB (Wyoming Water Resources Center
1997). Modeling of the eastern part of the PRB was performed for the Wyodak
EIS (BLM 1999¢). The information from earlier studies was reviewed and has
been incorporated wherever practica into the modeling work for this analysis.

The computer model used to complete the groundwater analysis for this Project is
briefly described here. The complete technical description of this groundwater
analysisisfound in the Technical Report for the Powder River Basin Oil and Gas
Project, Groundwater Modeling of Impacts Associated with Mining and Coal bed
Methane Development in the Powder River Basin (AHA and Greystone 2001), on
file a the BLM Casper Field Office in Casper, Wyoming and at the BLM Buf-
falo Field Office in Buffado, Wyoming. This report describes the specific hydro-
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geologic data on which the model was based. It also describes the numerica
model and model assumptionsin more detail.

The hydrogeologic model code selected was the USGS Three Dimensiona Finite
Difference Modular Groundwater Flow Model MODFLOW-98. This model code
iswidely accepted by regulatory agencies and currently is used by the BLM.

The regional model consists of 17 layers. The lowermost three layers (layers 15,
16, and 17) represent the lower members of the Fort Union Formation and the
claystone aquitard separating these members from the overlying coals in the up-
per portion of the Fort Union Formation. The coal-bearing units of the upper por-
tion of the Fort Union Formation are represented by layers 8, 10, 12, and 14 in
the model. The intervals between the coal-bearing units are represented by layers
9, 11, and 13. Asthe coal-bearing units split and merge in the PRB, the hydraulic
properties assigned to the layers representing both coal-bearing units and inter-
vening units would change accordingly. The coal-bearing units transition into
more highly permeable clinker in outcrop areas. Overlying the four coal-bearing
units is a layer (layer 7) representing claystones within the Wasatch Formation
that act as a confining unit between the coal-bearing units and the discontinuous
sandstones within the Wasatch Formation. Layers 1 through 6 represent the Wa-
satch Formation, consisting of alternating layers of discontinuous sandstone units
and claystone/siltstone units. The discontinuous nature of the sandstones in the
Wasatch Formation was modeled by assigning hydrologic parameters to these
layers that are representative of mixed sandstone and claystone/siltstone units.
The uppermost layer (layer 1) represents surface geologic units, including clay-
stones, sandstones, and alluvia sediments within creek valleys.

Other geologic boundaries that were incorporated into the model include faults
and lineaments where these are suspected of having a significant influence on
groundwater flow regimes. Faults may act as impermeable (no-flow) boundaries
or zones of flow restriction, and lineaments as zones of augmented hydraulic
conductivity in the model.

For geographic locations where mining would occur, the mining sequence was
simulated as incremental impacts in one-year stress periods from approximately
1975 (the earliest mining along the Wyodak outcrop, with the exception of the
Wyodak mine located east of Gillette) to the present. Predictive simulations of
impacts were modeled to 2225, approximately 200 years beyond the end of rea-
sonably foreseeable mine plans, in 2021. Historic mining records and life-of-
mine plan maps on file with the Wyoming Department of Environmental Quality
in Cheyenne were used to develop historic mine sequences and to project the ap-
proximate future mining sequence. Although life-of-mine plans are dynamic and
may change in future years, they give a general projection of likely coal removal
sequences and mine progression. Annual progress of the mine plans was super-
imposed on the grid as drains within the model, with the pits left open for three
years and then closed. Mining drains are set with drain elevations positioned just
above the base of the mined coa seam. When mined areas are reclaimed, the
drains are removed from the model so that water levels can recover.

Current CBM production was simulated in the area using the historic operational
data from the existing fields. Future CBM development was ssimulated using the
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estimate of future development described in Chapter 2. Annual progress of CBM
development was simulated as drains within the appropriate model cells. These
drains were set at an elevation of approximately 50 feet above the top of the de-
veloped coa seam. Historic CBM production sequences were simulated using
water production data available from the WOGCC. Future CBM water produc-
tion estimates assumed an average operational life of seven years for each pro-
jected CBM well.

Mode calibration was done to pre-mining water levels, or in afew cases, earliest
available static water levels. This was assumed to represent steady state condi-
tions. The model was calibrated in transient state by matching against available
historic water level monitoring data and CBM well production data. Sources of
the water level monitoring data used to calibrate the model include Daddow
(1986), the Gillette Area Groundwater Monitoring Organization (GAGMO), in-
dividual mine data, and the BLM.

The groundwater flow model was used to predict the areal extent of aquifer
drawdowns due to the superimposed stresses of the proposed CBM development
and mining operations on a year-by-year basis. CBM development of the PRB
began in 1989. The Rawhide Butte field represented the first commercial CBM
production in the PRB. Considerable CBM development has occurred in the
Marquiss and Lighthouse areas south of Gillette, and in the vicinity of the Buck-
skin and Eagle Butte mines north of Gillette. Information from the WOGCC da-
tabase indicates that as of May 2001 there were 5,854 producing CBM wells and
an additional 2,520 shut-in wells in the PRB. The approximate |ocations and tim-
ing of CBM development through 2001 were input into the model based on ac-
tual well records. The location and timing for future CBM development were
based on permit applications and projections contained in Chapter 2.

The following information used in the model analysis is described in Chapter 2.
New CBM wells are projected by year and sub-watershed. The proportion of
CBM produced water that would be handled using discharge to surface drain-
ages, infiltration, containment, land application, and injection also is projected
for each sub-watershed.

The model used water production data from the WOGCC as the source for input
of drains. It is assumed that future wells would be drilled over aten-year period
from March 2002 through March 2012 and each would have a seven-year life
span as described in Chapter 2. A total of 39,367 new wells were input into the
model as drain nodes with appropriate time schedules. The producing intervals of
the wells were distributed among the four coal-bearing units (layers of the model)
based on existing production or the thickness and depths of the coalsin any given
area. In many areas, more than one coa interval would be produced, and this is
reflected in the model where more than one well per well pad is projected.

The effects of the various water handling methods were simulated in the model
by applying additional recharge to the portion of each sub-watershed affected by
CBM development, on a year-by-year basis during the production period. The
recharge amount was based on modeled water production, the projected propor-
tion of water handled by the various methods, and the projected infiltration asso-
ciated with each water handling method. The additional recharge was converted
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to ayear-by-year infiltration rate based on the area of CBM development in each
sub-watershed.

Alternative 1

The following discussion outlines the projected effects on water yield, and aqui-
fer characteristics or conditions, including groundwater quantity, quality, and
use.

Water Yield (CBM Produced Water)

Table 2-8 shows the modeled quantity of water that would be removed during
CBM development occurring from 2002 through 2017. The projected discharge
is summarized by sub-watershed. This CBM produced water would be derived
primarily from storage within the developed coals and from groundwater con-
tained in sand units leaking into the coas as a result of coa depressurization.
Water removal would be projected to peak during 2007, at arate of 462,400 acre-
feet per year. Depending on the water handling practices used within each sub-
watershed, an estimated 55 to 68 percent of the pumped water would be re-
charged to the groundwater system as a result of infiltration along creeks and be-
low impoundments, or direct injection.

Aquifer Characteristics

The removal of water from the coal seam is unlikely to have any measurable ef-
fects on the physical characteristics of the aquifer, and its ability to store or
transport water. Subsidence is discussed under Geologic Hazards starting on page
4-84.

Aquifer Conditions

The removal of water from the coal seam and the subsequent disposal of the pro-
duced water likely would have the following effects on conditions existing within
affected aquifers at various times during or after CBM devel opment.

Alluvial Aquifers

Depending on the water handling practices used within each sub-watershed, an
estimated 80 to 95 percent of the groundwater produced from CBM operations
would be released to surface drainages or impoundments. A portion of the re-
leased water would recharge the alluvium. Several studies of water flow lossesin
creeks during dry weather periods have shown that a considerable portion of the
discharged water infiltrates the alluvium within a few miles of the surface dis-
charge outfall.

Alluvium with near-surface water tables would likely see increases in water lev-
els from CBM produced water discharges. The increase in water level may be
exhibited as standing water in areas not previously displaying this condition or as
wetland development.

The City of Gillette currently pumps the aluvium of Donkey Creek within the
community to maintain lower water levels. The city’s pumping rate would likely
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have to increase to maintain current water levels during continued CBM field
devel opment.

Fort Union Coal Aquifer

Drawdown

Under Alternative 1, the model-projected composite maximum drawdown from
CBM development occurring in the coal -bearing units within the upper portion of
the Fort Union Formation would occur during the period 2006 to 2009 depending
on location. The modeled composite drawdown for the year 2009 is shown in
Figure 4—-1 and the modeled composite drawdown for the year 2012, after the last
Project wells are drilled, is shown in Figure 4-2. Because coal mining and CBM
operations are dynamic, the maximum areal extent of drawdown may change
over time and may increase in some areas of the PRB while recovering in others.
The maximum drawdowns in any given watershed generally coincide or closely
follow the period of peak water production in the watershed (Table 2-8). The
CBM water production in the Project Area under Alternative 1 is expected to
peak in 2007 (Table 2-8).

The maximum extent of projected drawdown in the target coals, defined as a
drawdown of at least ten feet, extends 10 to 12 miles beyond areas of CBM de-
velopment. Projections of maximum drawdown and extent of drawdown are
based on the projected locations of CBM development. Actua drilling locations
and density of drilling may result in shifts of drawdown contours from the pro-
jections illustrated in Figure 4-1 and Figure 4-2.

Maximum projected drawdowns would occur in the centers of CBM develop-
ment. Within the northern portion of the Project Area, CBM production would
occur from two or more coal-bearing units. Drawdown would depend on the
depth of the target coal(s) below the surface. In deep areas of the basin, such as
the northwestern portion of the basin, model-projected composite maximum
drawdowns would exceed 1,200 feet. In shallow areas of the basin, such as the
southeastern portion of the basin, modeled drawdowns would be 200 to 400 feet
over most of the active CBM well fields.

The projected rate of coa aquifer drawdown is presented by a graph of modeled
drawdown versus time at selected locations in the model. The locations of cali-
bration monitoring wells are shown on Figure 4-3. A water level drawdown
graph for selected monitoring wells in the Project Areais shown in Figure 4-4.
The graphs show that the water level changes in the coal aquifer that would be
induced by CBM development tend to be fairly rapid.

Initial hydraulic head in the coal, as measured by the water level in a well com-
pleted in the coal, may be several hundred feet above the top of the coal. Thisis
particularly true in the deep portions of the PRB where the depth to the coal may
be over 1,300 feet. Removal of water from the coal in these areas during CBM
development could result in drawdown of the hydraulic head to the top of the
coa at the location of the pumping wells. For reference, where the depth to the
coal is 1,200 feet and the depth to water in a well tapping the coa is 400 feet, an
initial hydraulic head of 800 feet would exist. Even though the thickness of the
coal itself may only be 100 feet, maximum drawdown in this example could be
as much as 800 feet.
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Recovery

Recovery of water levels in the coal would become apparent after water produc-
tion started to decline. Water production is expected to start declining about 2008
and end about 2018. Recharge to the coal comes primarily from the redistribution
of stored water in the surrounding coal and continued slow leakage from overly-
ing Wasatch sand aquifers and underlying Fort Union Formation sand aquifers.
By 2030, water levelsin the coal are projected to recover to within 55 to 65 feet
(75 to 80 percent) of pre-operation levels. The maximum extent of the 10-foot
drawdown is projected to extend 10 to 12 miles from the limit of CBM develop-
ment (Figure 4-5).

Initially, recovery would be primarily due to redistribution of groundwater stored
in the aquifer. When the stresses of pumping are removed, the groundwater in
storage outside the CBM development areas would resaturate and repressurize
the areas that were partially depressurized during operations. The amount of
groundwater storage within the coal and within the sand units above and below
the coal is enormous, and redistribution would be projected to result in a fairly
rapid initial recovery of water levelsin the coal. The model projects that thisini-
tial recovery period would occur over 14 to 16 years, with water levels recover-
ing to within 55 to 65 feet (75 to 80 percent) of pre-operational conditions within
this period.

Complete water level recovery would be a very long-term process because actua
recharge to the coal aquifer would need to replace groundwater removed from
storage during CBM operations. Most of this recharge would come from |eakage
from overlying and underlying sand and undeveloped coal units. These units
would be, in turn, recharged from surface infiltration. Recharge rates would in-
crease temporarily as a result of infiltration of CBM water discharged to im-
poundments and streams. However, based on modeling and information from
nested wells, it would take tens of years before these surface recharge influences
would appear in the coal. Recharge to the coal in the central part of the PRB
through surface infiltration at the outcrop areas would take even longer. Coal
mining along the eastern and northwestern subcrop would result in minimal re-
charge to the coal while the mines are active, due to the groundwater sink caused
by pit dewatering. As mines are reclaimed and eventually shut down, the back-
filled areas would become long-term recharge zones for the coa aguifer. Infiltra-
tion through backfill areas may be very significant because the permeability of
the backfill materials tends to be much higher than in the original unmined mate-
rials. In addition, most of the creeks would be diverted over these backfilled ar-
eas, providing an important source of recharge water.

The projected recovery of water levels following the cessation of CBM devel op-
ment and coal mining operationsisillustrated in Figure 4-5 for selected locations
in the model. The graphs show water levels recovering to within 55 to 60 feet (75
to 80 percent) of pre-operational conditions within 14 to 16 years following ces-
sation of CBM operations. However, the rate of recovery would slow dramati-
caly after this initial recovery period, eventually recovering to within less than
20 feet (95 percent) of pre-operational conditions over the next hundred years or
S0.
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Figure4-1 Modeled Composite Drawdown in Upper Fort Union Coals—
Year 2009
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Figure4-2 Modeled Composite Drawdown in Upper Fort Union Coals—
Year 2012
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Figure4-3 L ocation of Calibration Monitoring Wells
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Figure4—4 Modeled Water Level vs. Timefor Selected Monitoring
L ocations
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Wasatch Sand Aquifer

Drawdown

Drawdown effects in the overlying Wasatch sand aquifers are projected to be
much less than in the coal aquifer, but may be noticeable for deep sand units that
occur within 50 feet of a developed coal. Drawdowns in deep sands would be in
the range of 10 to 250 feet in most areas. Drawdowns in the deep sand would
tend to occur several years after drawdown in the coal occurs.

Drawdown in the shallow Wasatch sands would be much less than in the deep
Wasatch sands and would range from 10 to 100 feet in most areas. Drawdown in
the shallow Wasatch sands would be greatest near mines and areas where the tar-
get coal seam(s) for CBM development are nearer the surface. However, in some
areas of the basin, the water levelsin shallow Wasatch sands would increase due
to infiltration of CBM produced water. Based on the detailed model completed
for the LX Bar sub-watershed, water levels in the shallow Wasatch sands would
tend to increase slowly, with a projected increase of approximately ten feet, due
to enhanced recharge from surface discharge of CBM produced water to creeks
and ponds (AHA 2001b).

Model projections in the Wasatch sands are less reliable than in the coa because
of the discontinuous nature of the sands. A detailed evaluation of the Caballo
Creek area was performed because this area has a long history of CBM develop-
ment and also has long-term monitoring data from Wasatch sands close to the
developed coal seams. A more detailed sub-area model was constructed for this
area. The extensive monitoring data in this area allowed a more definitive cali-
bration of the sub-model, and accordingly, the projections from the sub-model
are likely to be more reliable. Figure 44 shows the drawdown vs. time projected
in the deeper Wasatch sands of the Caballo Creek area, approximately 40 to
50 feet above the developed coal, for some selected monitoring well locations.

The regional model projects the effects on Wasatch sands in a more general way.
The deep Wasatch sands in the regional model are represented by layers that are
situated between 50 to 150 feet above the top of the highest developed coals. Due
to the greater separation from the coals, these sands would not be affected to the
extent that is seen in the Cabalo Creek area. Figure 4-6 shows the projected
drawdowns in the deep Wasatch sands during 2012 when CBM drilling is pro-
jected to cease. Figure 4—7 shows projected drawdowns in the deep Wasatch
sands during 2018 when CBM water production is projected to cease. Maximum
drawdowns in the deep Wasatch sands would occur in the centers of CBM devel-
opment where there is the most available head in the coal. Larger heads in the
coals would lead to greater drawdowns, which, in turn, would increase the verti-
cal hydraulic gradient from the overburden to the coal. Drawdown in the Wa
satch sands would be limited to the areas of active CBM development. The
model indicates that drawdown in the Wasatch Formation associated with CBM
development tends to lag several years behind drawdown occurring in the under-
lying coal in any given area. Thisis consistent with observed water level changes
in well-developed CBM production areas such as the Caballo Creek area (Figure
4-4).
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Figure4-5 Modeled Water Level Recovery in Upper Fort Union Coals—
Year 2030
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Figure4-6 Modeled Water Level Changefor Deep Wasatch Sand —
Year 2012
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Figure 4—7 Modeled Water Level Changefor Deep Wasatch Sand —
Year 2018
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The drawdown in the Wasatch sands would continue after CBM operations cease
and coal water levels start to recover, because the Wasatch Formation is a source
of recharge to the coal. There likely would be localized areas in the Wasatch
sands that would see greater drawdowns than projected by the model, due to con-
ducive faults, poorly grouted well bores, and exploration borings.

Recharge

Some of the groundwater released to surface drainages or impoundments would
recharge shallow bedrock (Wasatch Formation). A portion of the released water
would recharge the alluvium. In turn, the alluvium along many of the creek val-
leys would recharge the underlying Wasatch sands. Several studies of water flow
losses in creeks during dry weather periods have shown that a considerable por-
tion of the discharged water infiltrates the alluvium within afew miles of the sur-
face discharge outfall. Bedrock monitoring wells located close to areas where
CBM produced water is discharging into creeks or impoundments have shown
water level increases, indicating that this recharge is occurring. The nature of
recharge in any area is directly related to the permeability of the surface expo-
sures of the Wasatch Formation occurring under creeks and ponds.

The recharge effect was evaluated in this analysis by examining the area of af-
fected aluvia drainages and the probable range of vertical infiltration rates into
the Wasatch Formation below the creeks and ponds. The total discharge from
CBM operations was obtained from the model output for each of the affected
sub-watersheds (Table 2-8). This projected water production would be managed
according to the water handling options identified for each sub-watershed under
Alternative 1 (Table 2-9). The projected net recharge is calculated based on the
percentage of the produced water handled by each method and the projected |oss
due toinfiltration.

The cdculated net recharge volume, on a year-by-year basis, was divided by the
projected CBM development area within each sub-watershed to obtain an equiva-
lent recharge rate for the area, in inches per year. This additional recharge was
then input into the model for the area of CBM development within each water-
shed during the time period when CBM operations are expected to be active.

The projected water level change in shallow Wasatch sands during 2005 and
2012 is shown in Figure 4-8 and Table 4-9. Water levelsin the shallow sands are
projected to rise initialy in some areas during CBM development due to the
modeled recharge of CBM produced water, before being drawn down.

Recovery

Recovery in the deep Wasatch sands would tend to occur once coal water levels
recovered substantially and induced leakage from the deep Wasatch sands into
the coal became minimal. The model projects that water levels in the areas of
highest drawdown would recover within 30 to 35 feet (50 to 70 percent) of
pre-operational conditions within 15 to 17 years following cessation of CBM op-
erations. Water levels would eventualy recover to within less than 20 feet
(80 percent) of pre-operational conditions over the next hundred years or so
(Figure 4-10).

4-23 PRB O & G DEIS



Chapter 4 — Environmental Consequences

The projected recovery of water levels in the deep Wasatch sands following the
cessation of CBM development would be slow until coal water levels recover,
because the sands would continue to recharge the coal even after CBM develop-
ment ceases. Complete recovery to pre-operational conditions may take many
years.

Projected recovery of water levels in the shallow Wasatch sands is shown in
Figure 4-11 for the year 2030. Complete recovery to pre-operationa conditions
may take many years.

Groundwater Use

Water Wells

Impacts to individual water wells completed within the coal, and in sands above
the coal, would depend on proximity to CBM production wells, depth and com-
pletion interval of the water well, and the water well yield required to maintain it
as a usable source. Drawdown of water levels in cod aquifers caused by CBM
development potentially may impact individua well users by reducing well yield.
Refer also to ' Methane Emissions’ discussion presented below.

Under Alternative 1, the model projects over 1,200 feet of coal aquifer drawdown
near the centers of active CBM development, with drawdown in excess of 10 feet
extending some 10 to 12 miles from these areas (Figure 4-1). The maximum
available drawdown (the hydraulic pressure head) in the coa aquifer in the af-
fected areas ranges from 300 to 1,400 feet. Most individual water supply wellsin
the coal seam do not exceed 600 feet and have up to 300 feet of available draw-
down. Well pumps typically are set between 50 to 200 feet below the static water
level in the well. Significant impact in terms of well yield or availability is likely
to be an issue only if the drawdown exceeds approximately 20 to 30 percent of
available drawdown at any given location. This area would tend to coincide with
the area of drawdown in excess of approximately 100 feet. The decreased head
against which the well pump has to operate may cause the pump discharge to
decrease. However, if sufficient available drawdown remains in the well, yield
may be restored by installing alarger pump. In cases where the drawdown causes
the water level in a well to drop below the intake of the pump, the pump may
have to be lowered in the well. Even where yield is restored, the well may be too

gassy to pump or use.

Water level changes in wells are not expected to be as significant in the aquifers
above or below the coa because the cod is confined both above and below by
low permeability claystone layers over most of the PRB. Examination of drilling
and geophysical logs from CBM wells shows that the coal seams are separated
from sands in the overlying Wasatch Formation by relatively continuous, low-
permeability claystone and siltstone confining layer that ranges in thickness from
11 to 363 feet. In most cases, the claystone confining unit is at least 30 feet thick.
The large variation in thickness is mostly a function of whether any significant
sands exist in the lower part of the Wasatch Formation at a given location. This
claystone unit restricts hydraulic communication between the coal and the
overlying Wasatch sands. A significant period of time (typically several years)
will likely pass before drawdown effects due to pumping groundwater from the
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Figure4-8 Modeled Water Level Changefor Shallow Wasatch Sand —
Y ear 2005
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Figure4-9 Modeled Water Level Changefor Shallow Wasatch Sand —
Year 2012
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Figure4-10| Modeled Water Level Recovery in Deep Wasatch Sand —
Year 2030
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Figure4-11] Modeled Water level Recovery in Shallow Wasatch Sand —
Year 2030
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coal are apparent in the overlying Wasatch sands. Although, as noted in Chapter
3, the integrity of the confining layer may be compromised locally by water sup-
ply wells screened through both the coal and the overlying sands, by deteriorat-
ing well casings, or by poorly plugged oil and gas wells or exploratory drill
holes, isolated local influences do not affect regional results.

Projected drawdown in the Wasatch sands may affect users of Wasatch aquifer
water. The water well agreement would provide sufficient protection to landown-
ers if impacts were to occur on federal mineral ownership lands and non-federal
lands for which the agreement isin place.

The model aso indicates that the sand units within the lower members of the Fort
Union Formation may experience water levels declines of up to 50 feet where
intensive CBM production occurs in the overlying Fort Union Formation coals.
Thisis unlikely to noticeably affect the utilization of these aquifer units for water
supply. For individually impacted water wells, refer to the “Mitigation Measures’
section. A standard agreement has been developed by CBM operators to monitor
and mitigate impacts to individual water well owners that are caused by CBM
operations. A copy of this water well agreement format is contained in Appendix
G. Wyoming Statute 41-3-933 specifically states that groundwater levels and ar-
tesian pressuresin water wells are not guaranteed.

Artesian flow has been reported in wells located near the Powder River, where
the hydraulic head from the deep coal aquifer extends to the surface. Groundwa-
ter has been discharging in this area, in part to artesian wells. A reduction in hy-
draulic head within the coal aquifer (projected to occur during CBM develop-
ment under Alternative 1) likely would reduce or eliminate artesian flow in water
wells. Artesian flow in wells likely would not recover until hydraulic head in the
coal aquifer recovers sufficiently following CBM development.

Methane Emission

Withdrawal of water from the coal aquifer during CBM development can depres-
surize the coal aquifer and induce methane release into nearby water wells com-
pleted in the coa aquifer. Individual coa aquifer well users may experience in-
creased methane emissions if their wells fall within an area experiencing notice-
able aquifer depressurization.

Records of first indications of methane production in monitoring wells that have
experienced water level drops due to mining indicate that methane emission from
the coal can occur with as little as 50 feet of head drop (Belle Ayr Mine ground-
water monitoring data). Consequently, coa wells within the predicted 50-foot
drawdown area may be susceptible to this impact. Methane emissions by a well
pose a potential explosive safety hazard, particularly if gases can build up in an
enclosed space. In areas within two miles of operational CBM well fields, well
houses and basements should be well ventilated and periodically checked for
methane gas.

Groundwater Quality

Groundwater quality within the regiona aguifer systems of the PRB would not
be noticeably affected under Alternative 1. Any noticeable effects on groundwa-
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ter quality would be expressed as effects on aquifers that would be recharged
during CBM development or existing springs (which emanate from the ground
and may contain groundwater derived from these aquifers).

Water Wells

Where CBM wells are drilled in close proximity to existing water wells, immedi-
ately after the drilling and completion of the CBM wells, water quality in existing
water wells may be temporarily affected. The WSEQO has received reports of in-
creased sediment, fines, and water odor appearing in wells where water is being
produced from a zone shallower than the target coal. These effects were reported
to be temporary, clearing up after a period of time.

Aquifers

Effects on groundwater quality within the Quaternary alluvial aquifers could oc-
cur, unless the quality of CBM produced water discharging to surface drainages
or infiltrating alluvia aquifersis strictly controlled. CBM produced water is typi-
caly slightly alkaline, hard sodium bicarbonate or sodium sulfate type water that
may be enriched in some constituents such as iron, manganese, or barium. Sur-
face waters occurring at lower eevations in the PRB typically are hard, akaline
sodium sulfate-type waters (Chapter 3). NPDES permits, required for the surface
discharge of produced water, limit concentrations of produced water constituents
of concern to levels that would not cause degradation of surface water quality or
alluvial aguifer quality.

The effects of CBM produced water on aluvia aquifers in the Middle Powder
River sub-watershed would need to be analyzed site-specifically by BLM at the
APD/POD level of analysis to ensure aluvia aquifer quality would not be de-
graded by CBM development activities. The Middle Powder River sub-watershed
is the only portion of the Project Area where documentation exists (Chapter 3)
that TDS levels in CBM produced water (2,977 mg/L), on average, hoticeably
exceed TDSlevelsin natural stream flows (1,550 mg/L).

Very little effect on groundwater quality within Lower Tertiary aquifer systems
of the PRB would be expected under Alternative 1. The quality of the water infil-
trating the surface during CBM development, and recharging the Wasatch and
Fort Union aquifers would not be expected to be lower than the existing ground-
water within these aquifers. Water quality in the Wasatch aguifer is quite variable
(Chapter 3) and would be unlikely to be noticeably affected by CBM develop-
ment. Since CBM produced water recharging the Fort Union coa aquifer was
produced from this same aquifer, water quality in the Fort Union aquifer also
would be unlikely to be noticeably affected by CBM development. No contami-
nants would infiltrate the surface or reach these aquifers.

Existing Springs

The sources and existing natural quality of spring waters have not been studied
throughout the Project Area. However, spring water chemistry likely would be
similar to the characteristics of a spring’s source aquifer, shallow infiltrated wa-
ter, or surface water. Under Alternative 1, CBM produced water could be mixed
with shallow infiltrated water or surface water from natural sources.
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The coa aquifer, which yields CBM produced water, also is the source aquifer
for some springs in the Project Area. Contributions of CBM produced water to
spring flows emanating from the coal aquifer are not likely to degrade the spring
water quality, since characteristics and constituent concentrations would be simi-
lar.

Infiltration of CBM produced water mixed with natural stream flows, and subse-
guent discharge of these waters at springs, likely would not have noticeable ef-
fects on the quality of spring water. Springs having water chemistry similar to
surface waters likely would not have noticeable effects on water quality under
Alternative 1. The effects of CBM produced water on springs in the Middle
Powder River sub-watershed would need to be analyzed site-specificaly to en-
sure spring water quality would not be degraded by CBM devel opment activities.

CBM operations are not expected to have any impact on the water quality of
Moyer Springs because discharge water is not likely to encroach on the recharge
area of the spring. Water from Moyer Springs is of calcium sulfate chemical
type, with total dissolved solids concentrations in the 1,000 mg/l to 2,000 mg/l
range (Hodson et a. 1973). CBM produced water likely would be of equa or
better quality. Therefore, even if some CBM discharge water did recharge Moyer
Springs, CBM operations should not adversely affect its water quality.

Groundwater Flow Systems

The groundwater resources of the PRB are vast, and regional flow within and out
of the PRB would not be noticeably affected under Alternative 1. Any noticeable
effects on local groundwater flow systems would be expressed as effects on
existing springs or groundwater discharge areas.

Existing Springs

The public has expressed concern regarding the potentia effects of CBM devel-
opment on springs issuing from clinker outcrops, such as the Moyer Springs lo-
cated north of Gillette in Sec. 30 T.51N. R.71W. Moyer Springsis located at the
base of an exposed clinker deposit in the outcrop area of the Roland-Smith coal
seam. Recharge of the springs is through surface infiltration and lateral move-
ment of water from adjacent clinker and aluvium. The springs issue along alow-
permeability zone at the contact between the clinker and the coal. Large areas of
clinker are exposed northeast and southeast of Moyer Springs (Williams 1978).
This exposure alows a large amount of recharge to the clinker by infiltration of
rainfall and snowmelt. Hodson et al. (1973) reported a flow of 200 gallons per
minute from Moyer Springs.

No decrease in spring flows would be anticipated under Alternative 1 where the
issuance of springs results from flow along a near-surface zone of low permeabil -
ity intercepting the surface. Many springs in the Project Area, including Moyer
Springs, represent this type of occurrence. A contact having low permeability
inhibits flow between the clinker and the coa. The presence of a low-
permeability zone between the clinker and the coa results in water in the clinker
being channeled to the spring rather than recharging the coal. A decrease in re-
charge to the spring (not projected to occur under Alternative 1) could cause a
reduction in flow for thistype of spring.
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The natural discharge of springs in the Project Area potentially could be affected
by areduction in the hydraulic head in an aquifer unit, if the aquifer experiencing
the reduction in hydraulic head were the spring’s source aguifer. Spring flow
could decrease or stop under these conditions. Spring flow likely would not re-
cover until the hydraulic head in the coal aquifer recovers sufficiently following
CBM development. Springs issuing from the Wasatch sands into surface drain-
ages may experience increased flows during the time period that CBM produced
water is recharging shalow aguifers.

The use of infiltration impoundments or flow-through stock reservoirs during
surface discharge associated with CBM development could increase existing
spring flows where a near-surface zone of low permeability intercepts the sur-
face, unless these water handling facilities are sited to minimize this potential
effect. Avoidance of sites where a zone of low permeability intercepts the surface
downhill or downgradient from an area where considerable infiltration of CBM
produced water is occurring, would minimize the potential for shallow infiltrated
water to increase the recharge or spring flow of existing springs.

Only minimal infiltration would be anticipated where containment ponds or res-
ervoirs constructed in upland areas would be used to handle CBM produced wa-
ter. It is unlikely that existing spring flows would be affected near properly engi-
neered and constructed containment impoundments.

Groundwater Discharge Areas

Groundwater has been discharging to the surface in many areas near the Powder
River, where the hydraulic head from the deep coal aguifer intercepts the surface,
and flow along the natural groundwater gradient is toward the river. A reduction
in hydraulic head within the coal aguifer, projected to occur during CBM devel-
opment under Alternative 1, likely would reduce groundwater discharge and base
flows in surface drainages within the Powder River’s drainage basin. Groundwa-
ter discharge likely would not recover until the hydraulic head in the coal aquifer
recovers sufficiently following CBM development. The discharge of CBM pro-
duced water to surface drainages that feed into the Powder River would mitigate
this projected reduction in natural groundwater discharge. The effects of surface
discharge of CBM produced water to the Powder River's drainage basin would
need to be analyzed site-specifically by BLM at the APD/POD level of analysis
to ensure that appropriate water balance and quality would be maintained during
CBM development activities.

Only minimal infiltration would be anticipated where containment ponds or res-
ervoirs constructed in upland areas would be used to handle CBM produced wa-
ter. It is unlikely that new springs would develop or shallow infiltrated water
would resurface near properly engineered and constructed containment im-
poundments.

The use of infiltration impoundments or flow-through stock reservoirs during
surface discharge associated with CBM development could cause new springs to
develop where a near-surface zone of low permeability intercepts the surface,
unless these water handling facilities are sited to minimize this potentia effect.
Avoidance of sites where a zone of low permeability intercepts the surface
downhill or downgradient from an area where considerable infiltration of CBM
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produced water is occurring, would minimize the potential for shallow infiltrated
water to resurface.

One detailed model study performed for the LX Bar drainage (AHA 2001d)
showed that the potential contributions to surface flows from increased ground-
water discharge would be much less than one cfs, if al CBM produced water in
the LX Bar drainage were held in infiltration impoundments. However, the same
detailed model study also showed that the potentia rise in shallow groundwater
level would be up to ten feet near impoundments, if al CBM produced water in
the LX Bar drainage were held in infiltration impoundments.

In many areas where infiltration impoundments could be constructed, the current
water table may be less than ten feet below the surface. In these areas the in-
crease in water level may be exhibited as groundwater discharge to the surface,
standing water in areas not previously displaying this condition, or as wetland
development, unless the percentage of CBM wells having produced water held in
infiltration impoundments is carefully controlled. The effects of impoundment
and infiltration of CBM produced water would need to be analyzed site-
specifically to ensure that water table and groundwater discharge effects are care-
fully balanced or mitigated during CBM devel opment activities.

Alternative 2A

Under Alternative 2A, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Except for the dif-
ferences in recharge that would occur based on differencesin water handling op-
tions, (discussed below), the effects on groundwater resources would be similar
to those described under Alternative 1.

The recharge effect was evaluated in this analysis by examining the area of af-
fected aluvia drainages and the probable range of vertica infiltration rates into
the Wasatch Formation below the creeks and ponds. The total discharge from
CBM operations was obtained from the model output for each of the affected
sub-watersheds (Table 2-8). This modeled water production would be managed
according to the water handling options identified for each sub-watershed under
Alternative 2A (Table 2-21). The net recharge is calcul ated based on the percent-
age of the produced water handled by each method and the projected conveyance
loss. The calculated net recharge volume, on a year-by-year basis, was divided by
the projected CBM development area within each sub-watershed to obtain an
equivalent recharge rate for the area, in inches per year. Depending on the water
handling practices used within each sub-watershed, under Alternative 2A an es-
timated 55 to 66 percent of the pumped water would be recharged to the ground-
water system as a result of infiltration along creeks and below impoundments, or
direct injection. This recharge under Alternative 2A is compared below to the
values input into the model under Alternative 1.

Alternative 2A involves different handling of the water produced by CBM opera-
tions in certain sub-watersheds. Depending on the water handling practices used
within each sub-watershed, an estimated 70 to 85 percent of the groundwater
produced from CBM operations would be released to surface drainages or im-
poundments. The proportion of water handled by infiltration impoundment would
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be emphasized under Alternative 2A. Under Alternative 2A, less CBM produced
water would be discharged to surface drainages than under Alternative 1. More
CBM produced water would be handled using infiltration impoundments, con-
tainment impoundments, land application disposal (LAD), and injection than un-
der Alternative 1. Also, under Alternative 2A, there would be a five percent re-
duction from Alternative 1 in the produced water handled using LAD in the
Crazy Woman Creek sub-watershed, with a corresponding increase in the pro-
duced water handled by injection. In the Salt Creek sub-watershed, surface dis-
charge and some LAD would be replaced by increased use of infiltration or con-
tainment impoundments, and injection as preferred water-handling methods.

The change in water handling methods would result in a decrease in infiltration
compared to Alternative 1. This decrease would be small, six percent or less, on
average, in all sub-watersheds except Salt Creek, where 19 percent less water
would infiltrate at the ground surface than under Alternative 1. The projected
reduction in surface infiltration, on average, would represent a small fraction of
an inch per year in any sub-watershed. This slight change would have a negligi-
ble effect on groundwater conditions within the affected drainages. The Crazy
Woman Creek and Salt Creek sub-watersheds would have an increased percent-
age of water management by injection into deeper aquifers (below the coa zone).

Alternative 2B

Under Alternative 2B, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Except for the dif-
ferences in recharge that would occur based on differences in water handling op-
tions, (discussed below), the effects on groundwater resources would be similar
to those described under Alternative 1.

The recharge effect was evaluated in this analysis by examining the area of af-
fected aluvia drainages and the probable range of vertical infiltration rates into
the Wasatch Formation below the creeks and ponds. The total discharge from
CBM operations was obtained from the model output for each of the affected
sub-watersheds (Table 2-8). This modeled water production would be managed
according to the water handling options identified for each sub-watershed under
Alternative 2B (Table 2-22). The net recharge is calculated based on the percent-
age of the produced water handled by each method and the projected conveyance
loss. The calculated net recharge volume, on a year-by-year basis, was divided by
the projected CBM development area within each sub-watershed to obtain an
equivalent recharge rate for the area, in inches per year. Depending on the water
handling practices used within each sub-watershed, under Alternative 2B an es-
timated 56 to 66 percent of the pumped water would be recharged to the ground-
water system as a result of infiltration along creeks and below impoundments, or
direct injection. This recharge under Alternative 2B is compared below to the
values input into the model under Alternative 1.

Alternative 2B involves different handling of the water produced by CBM opera-
tions in certain sub-watersheds. Depending on the water handling practices used
within each sub-watershed, an estimated 70 to 85 percent of the groundwater
produced from CBM operations would be released to surface drainages or im-
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poundments. The proportion of water handled by infiltration impoundment would
be emphasized, but would have an upper limit under Alternative 2B, and active
treatment for CBM produced water by reverse osmosis or other suitable methods
would be included as a water handling method. Under Alternative 2B, less CBM
produced water would be discharged to surface drainages than under Alternative
1. More CBM produced water would be handled using infiltration impound-
ments, containment impoundments, land application disposa (LAD), and injec-
tion than under Alternative 1. Also, under Alternative 2B, there would be a five
percent reduction from Alternative 1 in the produced water handled using LAD
in the Crazy Woman Creek sub-watershed, with a corresponding increase in the
produced water handled by injection. In the Salt Creek sub-watershed, surface
discharge and some LAD would be replaced by increased use of infiltration or
containment impoundments, and injection as preferred water-handling methods.

The change in water handling methods would result in adecrease in infiltration at
the ground surface. This decrease would be small, six percent or less, on average,
in all sub-watersheds except Salt Creek, where 19 percent |ess water would infil-
trate at the ground surface than under Alternative 1. The projected reduction in
surface infiltration, on average, would represent a small fraction of an inch per
year in any sub-watershed. This slight change would have a negligible effect on
groundwater conditions within the affected drainages. The Crazy Woman Creek
and Salt Creek sub-watersheds would have an increased percentage of water
management by injection into deeper aguifers (below the coa zone).

Alternative 3

Alternative 3 (No Action) assumes that no new Federal CBM wells would be
completed, except for potential drainage situations. This would result in a sub-
stantial reduction in projected new CBM wells, from 39,367 to 15,458. Except
for the differences discussed below, the effects on groundwater resources would
be similar to those described under Alternative 1.

Under Alternative 1, the largest numbers of new Federal CBM wells would be
drilled in the Upper Powder River and Upper Belle Fourche River sub-
watersheds (24,898 of 39,367 projected wells under Alternative 1). The exclusion
of federal wells from these sub-watersheds under Alternative 3 represents a 77
percent reduction in the Upper Powder River sub-watershed (14,531 wells) and a
43 percent reduction in the Upper Belle Fourche River sub-watershed (2,531
wells). The percentage reduction in wells also would be great in the Middle Pow-
der River sub-watershed, where the reduction would be 79 percent (or 757 wells).
Over 1,000 wells aso would be eliminated in each of the following sub-
watersheds: Crazy Woman Creek (1,986 wells); Clear Creek (1,265 wells); Little
Powder River (1,076 wells); and Antelope Creek (1,041 wells). Relatively lower
percentage reductions in wells would occur in the Upper Tongue River sub-
watershed (17 percent) and in the Clear Creek sub-watershed (34 percent).

Although water production would decline substantialy in all sub-watersheds un-

der Alternative 3, the percentage reduction in water production, compared with
Alternative 1, would be less than the reduction in wells shown in Chapter 2. Un-
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der Alternative 3, individual wells would have to produce more water to maintain
sufficient drawdown and allow methane to be produced.

Water-handling options would be same as under Alternative 1. Depending on the
water-handling practices used within each sub-watershed, an estimated 80 to
95 percent of the groundwater produced from CBM operations would be released
to surface drainages or impoundments.

The recharge effect was evaluated in this analysis by examining the area of af-
fected dluvia drainages and the probable range of verticd infiltration rates into
the Wasatch Formation below the creeks and ponds. The total discharge from
CBM operations was projected for each of the affected sub-watersheds (Table 2-
32). This projected water production would be managed according to the water-
handling options identified for each sub-watershed under Alternative 1 (Table 2-
9). The projected net recharge is calculated based on the percentage of the pro-
duced water handled by each method and the projected conveyance loss. Depend-
ing on the water handling practices used within each sub-watershed, under Alter-
native 3 an estimated 55 to 68 percent of the pumped water would be recharged
to the groundwater system as a result of infiltration along creeks and below im-
poundments, or direct injection.

The extent of drawdown in the coal units would change, compared to Alternative
1. The greatest change would occur in the sub-watersheds with the largest per-
centages of Federal wells. The areal extent of the 10-foot drawdown contour
would tend to decrease in the vicinity of large concentrations of Federal wells
that were projected to be drilled under Alternative 1, for example in the Upper
Powder River sub-watershed. It is less likely that State and Fee wells would be
developed around the large Federal blocks unless there would be enough wellsto
mai ntain adequate drawdown and produce methane.

With the decline in water production, the total quantity of produced water that
recharges the shallow bedrock and alluvium would diminish proportionately. The
areal extent of recharge would be reduced the most in the Upper Powder River,
Upper Belle Fourche River, and Crazy Woman Creek sub-watersheds because
these areas would have featured the largest numbers of new Federa CBM wells.
The projected changes in water levels in the shallow Wasatch sands would be
less that those projected under Alternative 1, in approximate proportion to the
difference in water production and consequent recharge.

Under Alternative 3, the change in water levels within the deep Wasatch sands,
compared with Alternative 1, would be noticeable in fewer areas. In areas that
would have had a high concentration of federal wells under Alternative 1, the
extent of drawdown in the coas could be considerably less due to non-
development, resulting in less drawdown in overlying sands. However, the re-
gional effect on deep Wasatch sands would be relatively minor, due to the sands
isolation from the pumped coas, making the differences in projected impacts
between Alternatives 1 and 3 less apparent. The effects on shallow Wasatch
sands would be similar to the effects on deep Wasatch sands.
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Cumulative Effects

Regionally, the different PRB coa zones merge, split, and pinch out lateraly in
complex patterns (Flores 1999, Flores et al. 1999). Coal zone aquifers within the
Project Area occur as layers that, individually, are continuous only over an aver-
age distance of ten miles or so. While regional groundwater flow toward the
north does occur, this flow is interrupted where coal aquifers are discontinuous,
and groundwater is discharged in loca flow systems. Where coal aquifers are
discontinuous, flow in local groundwater systems (bedrock, alluvial, and clinker)
appears to dominate over the flow in aregiona system (Rankl and Lowry 1990).
Most of this local groundwater discharge from bedrock aquifers occurs above
stream level and is lost due to evapotranspiration or consumed as soil moisture,
and does not make a very noticeable contribution to surface drainages.

The areal extent and magnitude of drawdown effects on coa zone aquifers and
overlying or underlying sand units in the Wasatch Formation also would be lim-
ited by the discontinuous nature of the different coa zones within the Fort Union
Formation and sandstone layers within the Wasatch Formation. Where a coal
zone aquifer or sandstone layer pinches out lateraly, drawdown effects aso
would be interrupted somewhat, although leakage from nearby layers would con-
tinue to occur. This discontinuous nature of the different coal zones would tend
to limit the areal extent of drawdowns occurring in Montana, outside the Project
Area, that are associated with CBM devel opment in the PRB within Wyoming.

Computer modeling of groundwater resources could not capture the level of sub-
surface detail actually existing in the PRB. In order to develop a reasonable
model for this analysis, hydrogeologic layers included in the model assumed coa
beds are more continuous and have more uniform thicknesses than those actually
occurring in the PRB. The drawdown effects on coal zone aquifers and sandstone
layers predicted by the model represent the maximum areal extent and magnitude
of drawdowns, assuming continuous layers of uniform thickness. Drawdowns in
discontinuous layers likely would be limited by the continuous areal extent of the
layer. Where coal aquifers are being mined, such asin the coal area near the State
line, the mine area is established as a drain node in the model. A quantitative es-
timate of CBM -associated drawdown near amine areais difficult to predict.

Alternative 1

The cumulative impacts on groundwater resources from activities associated with
CBM development and those impacts associated with coal mining have been in-
cluded in the groundwater model and impact analysis described earlier in this
chapter under Groundwater. Reasonably foreseeable groundwater conditions
could not be considered separately for proposed CBM development. Therefore,
the analysis included the impacts of existing and reasonably foreseeable CBM
development and mining. Reasonably foreseeable coal mining activities, as de-
picted in mine plans, and existing coal mine effects on groundwater resources
were incorporated within the groundwater model. Projected CBM devel opment
and CBM development existing or authorized prior to this analysis aso were in-
corporated within the groundwater model. Modeled water production, shown in
Table 2-8 and already discussed in this chapter, represented total water produc-
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tion for existing/authorized CBM wells and CBM wells projected under Alterna-
tive 1.

Northeast of Sheridan, Wyoming the model projects some effects of the proposed
Project extending into Montana for a short distance, however these projections
near the MontanaaWyoming State line are based on very limited data. Draw-
downs of approximately 100 feet in the Fort Union coa zone are projected to
extend one to three miles into Montana The model projects coa zone recovery to
a 25 foot drawdown by 2030 for most areas in Montana affected by the Project.
In the same area, the model projects a ten foot drawdown in the deep Wasatch
sands extending approximately 10 miles into Montana, and a 50 foot drawdown
extending approximately three miles into Montana. The model projects deep Wa-
satch sand recovery to a 10-foot drawdown by 2030. The model projects a 10-
foot drawdown for shallow Wasatch sands extending approximately six miles
into Montana, and a 10-foot buildup in shallow Wasatch sands for a small area
extending approximately two miles into Montana. A 50-foot drawdown within
the shallow Wasatch sands is projected to extend two to three milesinto Montana
in asmall area. The model projects shallow Wasatch sand recovery to a ten-foot
drawdown for most affected areasin Montana by 2030.

Cumulatively, groundwater would be removed from the coa aguifers underlying
the Project Area, temporarily reducing or eliminating the hydraulic pressure head
in the coal. An estimated 55 to 68 percent of the groundwater removed would
infiltrate the surface and recharge the shallow aguifers above the coals. Pressure
redistribution within the coals following termination of water production would
cause hydraulic pressure head to recover within approximately 65 feet or less of
pre-project levels, within approximately 15 years after the project ends. Complete
recovery of water levels likely would take many years. This reduction in hydrau-
lic pressure head likely would cause a slight reduction in regional groundwater
discharge to surface drainages within the Powder River drainage system, includ-
ing drainages downstream of the Project Area, in Montana. However, there
would be a corresponding slight increase in surface flows downstream of the Pro-
ject Area resulting from CBM surface discharges and groundwater discharges to
surface drainages from shallow aquifers.

Wasatch aquifers overlying the coals also would be affected by development ac-
tivities. As the coal is de-pressurized by water removal during mining or CBM
development, water contained in deep Wasatch sands would leak into the coals.
Water levels in the deep Wasatch sands would be lowered, but not as much or as
quickly as the drawdown that would occur in the coal. Water levels in the deep
Wasatch sands also would recover following development. Recovery to within
approximately 35 feet of pre-operational levels would occur in approximately
17 years. Complete recovery of water levels likely would take many years. Water
levels (i.e., the water table) in shallow Wasatch sands also would be lowered dur-
ing development activities and also would recover after water production ends. In
some areas, water levels in very shallow Wasatch sands likely would rise ini-
tially, up to 10 feet; before being drawn down due to enhanced recharge from
infiltration of CBM produced water.
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Differentiation of impacts between CBM development activities and coa devel-
opment activities is presented below. There are some similarities and some dif-
ferences in the impacts associated with mining and CBM devel opment.

Effects on the Coal Aquifer

Both mining and CBM development result in partial removal of the water from
the coal seam. In mining, the coal is removed so that impacts to the coal aquifer
in the areas of mining are considerable. Immediately adjacent to active mine pit
areas, the water from the coal aquifer will drain into the pit and become dewa
tered. The extent of coal aquifer dewatering and de-pressurization associated
with mining is largely dependent on the continuity of the coal in the vicinity of
the mine and its overall permeability (a function of fracturing). In areas of high
coal permeability, which tend to coincide with major fracture trends, the extent of
drawdown may be several miles. Areas of limited coal drawdown related to min-
ing are associated with lower permeability or less fracturing in the coal.

During active CBM development, pumping groundwater from the coal induces
depressurization. Pumping removes water (and methane) from the coal but |eaves
the coal itself essentialy undisturbed. Depressurization within the coa caused by
CBM development will be more widespread than that due to mining because
CBM development will cover a much larger area than mining. Mining is limited
to an area within two to three miles of the coa outcrop because of overburden-
coa strip ratios. CBM development is projected to cover most of the Project
Area.

Impacts to Aquifers Stratigraphically Above the Coal

The sand aquifers of the Wasatch Formation are hydrologicaly separated from
the coal zone within the Fort Union Formation by low permeability claystones.
During mining, the shallower aguifers (the overburden) must be removed to ac-
cess the coa. Impacts to these aquifers in mined areas are considerable. Immedi-
ately adjacent to active mine pit areas, the Wasatch sands intercepted by excava-
tions may drain into the pit and become dewatered. The areal extent of Wasatch
aquifer dewatering associated with mining is largely dependent on the continuity
of the sand units occurring near the mine, and whether these sand units are inter-
cepted by mining activities. There are many examples of overburden monitoring
wells, completed in relatively isolated sand units, showing very little influence
from nearby mining. Drawdown in the coa aquifer, induced by mining, in turn,
induces vertical |eakage from the overlying Wasatch sands, contributing to draw-
down in these sands.

During CBM development, the Wasatch sand aquifers would not be directly im-
pacted by excavations or surface disturbing activities. Leakage from the Wasatch
sands into the coal would be enhanced by CBM development. Due to limited hy-
draulic communication between the coa and the overlying Wasatch sands, a con-
siderable period of time (typicaly severa years) may pass before noticeable
drawdown of the sands occurs. The areal extent of drawdowns in the Wasatch
sands resulting from CBM development would be much greater than the draw-
down areasin the sands caused by mining.
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Changes in Infiltration Rates and Recharge

During mining, the overburden (including Wasatch sand aquifers) and coa aqui-
fers are removed and replaced with backfill materia (spoils). Infiltration and re-
charge through the spoils are likely to be higher than in the original undisturbed
materials. During CBM development, the aquifers would remain essentially un-
disturbed and the infiltration and recharge mechanisms also would be unchanged.
Water discharged to the surface from CBM operations would increase recharge
to aluvial aguifers and underlying Wasatch sands.

Changes in Groundwater Quality

After mining, the coal and Wasatch sand aquifers are replaced with mine spoils
having the potential to change the quality of groundwater. During CBM devel-
opment, water removed from the coa would recharge alluvial and Wasatch sand
aquifers, and may cause small changes in groundwater quality.

Discharge of Produced Waters

Both mining and CBM development result in water collection and discharge to
surface drainages. Mine inflow water is first stored in sediment ponds to reduce
sediment picked up in the pit. Much of this water is used for dust suppression.
The discharge water from sediment ponds potentially would have higher TDS
values and be of lower quality due to sediment mixing and concentration by
evaporation. CBM discharges are essentially sediment-free (as produced from
CBM wells), although discharge to surface drainages can increase sediment |oad-
ing caused by increased stream erosion.

Fort Union Aquifers Underlying the Coal Zone

Mining may affect aquifers underlying the coa zone by potentially influencing
recharge water quality. Groundwater withdrawals from lower aguifers for mine
use also may affect these aquifers. CBM development may affect lower aquifers
by inducing upward leakage from them into the coal during coa de
pressurization. These cumulative influences were included in the groundwater
model.

Moyer Springs

The potential impact to Moyer Springs flows by proposed surface mining has
been recognized, as removal of the Wasatch Formation and aluvial overburden
during mining operations may decrease recharge to the spring. Accordingly, the
Dry Fork Mine Permit requires Dry Fork Coal Company to protect the clinker
aquifer that feeds Moyer Springs.

Alternative 2A

The cumulative impacts on groundwater resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Projected CBM development and CBM devel opment existing or authorized prior
to this analysis also were incorporated within the groundwater model. Modeled
water production, shown in Table 2-8 and already discussed in this chapter, rep-
resented total water production for existing/authorized CBM wells and CBM
wells projected under Alternative 2A.
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Cumulatively, groundwater would be removed from the coal aquifers underlying
the Project Area, temporarily reducing or eliminating the hydraulic pressure head
in the coal. An estimated 55 to 66 percent of the groundwater removed would
infiltrate the surface and recharge the shallow aquifers above the coal.

Alternative 2B

The cumulative impacts on groundwater resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Projected CBM development and CBM devel opment existing or authorized prior
to this analysis also were incorporated within the groundwater model. Modeled
water production, shown in Table 2-8 and already discussed in this chapter, rep-
resented total water production for existing/authorized CBM wells and CBM
wells projected under Alternative 2B.

Cumulatively, groundwater would be removed from the coa aguifers underlying
the Project Area, temporarily reducing or eliminating the hydraulic pressure head
in the coal. An estimated 56 to 66 percent of the groundwater removed would
infiltrate the surface and recharge the shallow aquifers above the coals.

Alternative 3

The cumulative impacts on groundwater resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Projected CBM development and CBM devel opment existing or authorized prior
to this analysis also were incorporated within the groundwater model. Modeled
water production, shown in Table 2-32 and already discussed in this chapter, rep-
resented total water production for existing/authorized CBM wells and CBM
wells projected under Alternative 3.

Cumulatively, groundwater would be removed from the coa aquifers underlying
the Project Area, temporarily reducing or eliminating the hydraulic pressure head
in the coal. An estimated 55 to 68 percent of the groundwater removed would
infiltrate the surface and recharge the shallow aquifers above the coals.

Surface Water

Surface water resources could be affected by:

» FErosion and degradation of the drainage network;
» Increased sedimentation;

» Surface water quality changes; and

» Changesin suitability for beneficial use

The effects of the project on surface water quantity, quality, and existing uses
under Alternative 1, Alternative 2A, Alternative 2B, and Alternative 3 are dis-
cussed below.
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For the purposes of this analysis, surface water flow is expressed in cfs. The wa
ter produced from wells is expressed in gpm. One cfs is equivalent to
448.83 gpm. Large flows or volumes of water are expressed as acre-feet. One
acre-foot is equivalent to 43,560 cubic feet, or 325,851 gallons.

Alternative 1

Surface Water Quantity

For analysis purposes, CBM water production modeled in the groundwater im-
pact analysis and shown in Table 2-8 was used to calculate the volume of CBM
produced water that would be assimilated under Alternative 1. Each well would
have a seven-year life span. Based on model projections of water production for
new wells and compilation of water production data for existing wells, the total
water production for 39,367 new producing wells and 12,077 existing wells
would be approximately 4.4 million acre-feet over the life of the project. The
39,367 new wells would be drilled in the Project Area over a ten-year period,
with approximately 5,000 wells being drilled each year for the first six years of
the project life. The existing wells include wells already drilled, some of which
are producing, and those wells already authorized and projected for completion
by 2002, but not necessarily producing. For the purpose of this analysis, it is as-
sumed that all of the 12,077 existing wells have their first year of water produc-
tion prior to 2002, and that water production for the last of the existing wells to
be drilled ends after 2007. Water production from the last of the new wells to be
drilled is assumed to conclude in 2017.

Under Alternative 1, CBM produced water flows would be handled through di-
rect discharge to surface drainages, passive treatment prior to surface discharge,
discharge to upland and bottomland infiltration impoundments, discharge to con-
tainment impoundments, and injection. The projected distribution of water han-
dling methods under Alternative 1 is summarized in Table 2-9. The percentage of
water handled by each of these options as a percentage of the total water produc-
tion is summarized in Table 4-1. The mgjority of the produced water would be
gathered and discharged to the surface, or gathered for discharge into shallow
infiltration impoundments. CBM produced water flows discharged to the surface
would be distributed to an estimated 4,800 discharge locations, and discharged
under the terms of NPDES permits issued by the WDEQ. The discharge at each
outfall would average 10 gpm, or approximately 0.02 cfs over the life of the
wells producing the water. The maximum discharge at a single outfall, on aver-
age, would be approximately 100 gpm, or 0.2 cfs, over the life of the wells pro-
ducing the water. The maximum flow at each discharge point would represent the
average annual runoff from approximately 10 square miles (mi®) using the
15 acre-feet/mi?/year described by Lowry et al. (1986).

For the purposes of this analysis, discharge of CBM produced water to surface
drainages is assumed to result in a conveyance loss of 80 percent of the total vol-
ume of CBM produced water, 82 percent of which would be due to infiltration
and 18 percent due to evapotranspiration. These values were derived from studies
of surface water losses in creek flows within several drainages of the PRB
(Meyer 2000, AHA 2001b). For the purpose of this analysis, the remaining
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20 percent of the CBM produced water discharged to surface drainages is as-
sumed to reach the receiving stream at the sub-watershed boundary.

The maximum CBM water volume discharged to the surface annually, prior to
conveyance losses, is expected to increase from an estimated 155,000 acre-feet in
2002, to an estimated 222,000 acre-feet, occurring in year 2006. Table 44 sum-
marizes the projected annual outflow at each sub-watershed boundary under each
Alternative, resulting from surface discharge and accounting for conveyance loss
along the stream channels. The projected annual flow of CBM produced water at
each sub-watershed boundary would be roughly two percent of the volume of
water expected from a 25 year, 24-hour storm event.

Table 4-5 summarizes the projected annual flow of CBM produced water at each
sub-watershed boundary as a percentage of the annual stream flow average for
each sub-watershed. Under Alternative 1, surface discharge of CBM produced
water would account for between 0.02 and 13 percent of the annua average
stream flow in each sub-watershed. Increases would be greatest in the Upper
Belle Fourche River sub-watershed. Flows attributable to CBM discharges would
be greatest during periods of low flow in the receiving streams.

Surface Water Quality

Surface discharge of CBM produced water is authorized by the WDEQ under the
terms of a NPDES permit. Each permit specifies effluent limitations established
to ensure that numeric water quality criteria contained in Chapter 1 of Wyo-
ming's Water Quality Rules and Regulations for the protection of human health
and aguatic life are not exceeded. Constituents of concern for water quality im-
pacts from CBM discharges for which numeric criteria exist include, but are not
limited to, arsenic, barium, iron, and manganese. WDEQ recently modified
Chapter 1 criterion for these constituents and approved the Barium Anti-
degradation Policy. New effluent limitations have been established for these con-
stituents which are now basin-specific. Discharges to Class 2 receiving waters
will be subject to these effluent limitations and to additional numeric standards
contained in Wyoming's Chapter 1 Rules and Regulations. Where effluent limi-
tations cannot be achieved for CBM discharges, treatment of the water may be
required. Treatment may be passive, which may include routing the water over a
scoria bed to remove constituents such as iron or manganese, or active, which
may include ion exchange or reverse 0smosis processes for removal of constitu-
ents such as barium. With project adherence to NPDES permit requirements, dis-
charges of CBM produced water to surface drainages would not likely result in
violations of the Clean Water Act.

Section 20 of Wyoming's Chapter 1 Rules and Regulations incorporates a narra-
tive water quality standard, which specifies that all surface waters with potential
for use as an agricultural water supply shall be maintained at a quality which
supports the use, and any degradation shall not cause a measurable decrease in
crop or livestock production. Federal regulations under 40 CFR 435, Subpart E,
also require that discharges of produced water be used for specific agricultural or
wildlife uses, and that the produced water should be of acceptable quality to sup-
port those uses. Compliance with the federa regulations and documentation of
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beneficia use of CBM produced waters would be mandated by the WDEQ under
the NPDES program.

Table44 Projected Outflow at Sub-Watershed Boundary for
Projected CBM Produced Water Discharge

Projected Outflow at Sub-Watershed

Total Surface Boundary®
Discharge’  Conveyance  Annual Average for 20022017
2002-2017 Loss®
Sub-Watershed (acre-feet) (acre-feet) ofs gom acre-feetlyr
Proposed Action
Upper Tongue River 243,722 194,977 3.96 1,778 2,867
Upper Powder River 1,239,442 991,553 20.14 9,039 14,582
Salt Creek 510 408 0.01 4 6
Crazy Woman Creek 220,821 176,656 3.59 1,610 2,598
Clear Creek 271,395 217,116 441 1,979 3,193
Middle Powder River 60,413 48,331 0.98 441 711
Little Powder River 68,009 54,407 111 496 800
Antelope Creek 62,619 50,095 1.02 457 737
Upper Cheyenne River 18,786 15,029 031 137 221
Upper Belle Fourche River 195,403 156,322 3.18 1,425 2,299
Alternative 2A
Upper Tongue River 69,635 55,708 113 508 819
Upper Powder River 413,147 330,518 6.71 3,013 4,861
Salt Creek 0 0 0.00 0 0
Crazy Woman Creek 31,546 25,237 051 230 371
Clear Creek 77,541 62,033 1.26 566 912
Middle Powder River 23,236 18,589 0.38 169 273
Little Powder River 26,157 20,926 0.43 191 308
Antelope Creek 45,541 36,433 0.74 332 536
Upper Cheyenne River 13,663 10,930 0.22 100 161
Upper Béelle Fourche River 195,403 156,322 3.18 1,425 2,299
Alternative 2B
Upper Tongue River 243,722 146,233 297 1,333 2,150
Upper Powder River 661,035 449,504 9.13 4,098 6,610
Salt Creek 0 0 0.00 0 0
Crazy Woman Creek 94,637 60,568 123 552 891
Clear Creek 232,624 148,879 3.02 1,357 2,189
Middle Powder River 41,825 26,768 054 244 394
Little Powder River 47,083 30,133 0.61 275 443
Antelope Creek 56,926 36,433 0.74 332 536
Upper Cheyenne River 17,078 10,930 0.22 100 161
Upper Belle Fourche River 217,114 173,691 3.53 1,583 2,554
Alternative 3
Upper Tongue River 93,664 74,931 152 683 1,102
Upper Powder River 412,862 330,289 6.71 3,011 4,857
Salt Creek 825 660 0.01 6 10
Crazy Woman Creek 96,816 77,453 157 706 1,139
Clear Creek 130,591 104,473 212 952 1,536
Middle Powder River 10,315 8,252 0.17 75 121
Little Powder River 38,166 30,533 0.62 278 449
Antelope Creek 20,841 16,672 0.34 152 245
Upper Cheyenne River 11,290 9,032 0.18 82 133
Upper Béelle Fourche River 93,678 74,943 1.52 683 1,102
Notes:

1. Extracted from Tables 2-8, 2-9, 2-21, 2-22, and 2-32 in Chapter 2
2. Lossdueto infiltration plus evapotranspiration along stream channels
3. Calculated as Total Surface Discharge minus Conveyance L0oss
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Table4-5 Projected CBM Annual Outflows Compared with Average
Annual Stream Flow by Sub-Water shed

- ]
Projected Annual CBM Discharges
Outflow at Average as a Percent of
Sub-Watershed Annual Average Annual
Boundary* Stream Flow?  Stream Flow

Sub-Watershed (cfs) (cfs) (percent)
Alternative 1
Upper Tongue River at State Line near Decker, WY 3.96 463 0.9
Upper Powder River at Arvada, WY 20.14 281 7.2
Salt Creek near Sussex, WY 0.01 44.4 0.02
Crazy Woman Creek at Upper Station near Arvada,
wy 3.59 56.7 6.3
Clear Creek nr Arvada, WY 441 181 24
Middle Powder River at Broadus, MT 0.98 465 0.2
Little Powder River above Dry C near Weston, WY 111 229 4.8
Antelope Creek near Teckla, WY 1.02 12.6 8.1
Upper Cheyenne River near Riverview 031 60 05
Upper Belle Fourche River below Moorcroft, WY 3.18 24.6 13
Alternative 2A
Upper Tongue River at State Line near Decker, WY 113 463 0.2
Upper Powder River at Arvada, WY 6.71 281 24
Salt Creek near Sussex, WY 0.00 44.4 0
Crazy Woman Creek at Upper Station near Arvada,
wy 0.51 56.7 09
Clear Creek nr Arvada, WY 1.26 181 0.7
Middle Powder River at Broadus, MT 0.38 465 0.08
Little Powder River above Dry C near Weston, WY 0.43 229 19
Antelope Creek near Teckla, WY 0.74 12.6 59
Upper Cheyenne River near Riverview 0.22 60 04
Upper Belle Fourche River below Moorcroft, WY 3.18 24.6 13
Alternative 2B
Upper Tongue River at State Line near Decker, WY 297 463 0.6
Upper Powder River at Arvada, WY 9.13 281 32
Salt Creek near Sussex, WY 0.00 44.4 0
Crazy Woman Creek at Upper Station near Arvada,
wy 123 56.7 22
Clear Creek nr Arvada, WY 3.02 181 17
Middle Powder River at Broadus, MT 0.54 465 0.1
Little Powder River above Dry C near Weston, WY 0.61 229 2.7
Antelope Creek near Teckla, WY 0.74 12.6 59
Upper Cheyenne River near Riverview 0.22 60 04
Upper Belle Fourche River below Moorcroft, WY 353 24.6 14
Alternative 3
Upper Tongue River at State Line near Decker, WY 152 463 0.3
Upper Powder River at Arvada, WY 6.71 281 24
Salt Creek near Sussex, WY 0.01 44.4 0.02
Crazy Woman Creek at Upper Station near Arvada,
wy 157 56.7 2.8
Clear Creek nr Arvada, WY 212 181 12
Middle Powder River at Broadus, MT 0.17 465 0.04
Little Powder River above Dry C near Weston, WY 0.62 229 2.7
Antelope Creek near Teckla, WY 0.34 12.6 2.7
Upper Cheyenne River near Riverview 0.18 60 0.3
Upper Belle Fourche River below Moorcroft, WY 152 24.6 6.2
Notes:

1 Extracted from Table 4-1.

2 Extracted from Table 3-5.
L

The quality of the produced water is not expected to effect stock watering. Salin-
ity values as high as 3,500 mg/L TDS are still considered suitable for consump-
tion by livestock. Many CBM produced waters are likely to have elevated salin-
ity and concentrations of sodium, which can affect the suitability of the produced
water for irrigation purposes. Because of the potential adverse effects from CBM
produced water discharges on the quality of surface waters used for irrigation,
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mass balance calculations were performed to project the suitability of the CBM
produced water for irrigation purposes, when commingled with existing surface
flows in the receiving streams. Effects from CBM discharges on downstream
irrigation use, prior to commingling with existing surface flows in the receiving
streams, would be analyzed by WDEQ under the NPDES program.

Mass balance calculations of CBM surface discharge contributions to existing
water quality and flow data were performed to provide an estimate of flow, salin-
ity, and SAR expected in the year 2002 when the Project is implemented. Mass
balance calculations were performed using flow-weighted averages. Available
water quality data for currently producing CBM wells are summarized in Table
3-2. Projected future flows of CBM produced water are summarized in Tables 2—
8 and 2-32. Existing surface water quality and flow data by sub-watershed are
provided in Appendix E and Table 3-5, respectively. For the purposes of the
analysis, the following assumptions were used. Mass balance cal culations assume
that the CBM produced water discharges reach the receiving streams at the sub-
watershed boundary unchanged in water quality. Baseline water quality of the
receiving streamsis assumed to be the same during low flow conditions as during
average flow conditions.

The results of the mass balance cal cul ations were utilized to project the combined
effect on the quality of the water for irrigation purposes. Effects were analyzed
utilizing Figure 4-12, which provides guidelines for assessing potential effects
on infiltration associated with SAR and salinity levels in irrigation waters (Han-
sen et al. 1999). The diagonal line indicating “No Reduction in Infiltration” illus-
trates the combination of SAR and salinity values that can be expected to reduce

Water Quality for Irrigation

35.00
30.00 Severe Reduction in Slight to Moderate /

o Infiltration Reduction in Infiltration /
¢  25.00
e
5 /
a 20.00
5 /
3
< 15.00
IS
2 10.00
8 Suitable for Irrigation

5.00 - o

No Reduction in Infiltration
0.00 T T T T 1
0 1000 2000 3000 4000 5000

Salinity of Irrigation Water (uS/cm)

Figure4-12 Effectsof Salinity and SAR on Infiltration
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the infiltration capacity of a wide variety of soils, and thus, effect the suitability
of the water for irrigation. This line is referred to as the Hanson Line in the fig-
ures that follow. Salinity is expressed as specific conductance in microSiemans
per centimeter (US/cm).

Upper Tongue River Sub-Watershed

Effects on water quality in the Upper Tongue River areillustrated in Figure 4-13
and Figure 4-14. Limited information is currently available on CBM water pro-
duction and quality in the Tongue River sub-watershed. For the purpose of this
analysis, CBM water quality was based on samples from CBM wells located in
Montana, just outside the Project Area. The representative water quality has a
salinity of 2,099 uS/cm and an SAR of 52 (AHA 2000).

The additiona flow attributable to produced water (3.4 cfs) would result in very
minor contributions to the flow of the Tongue River. Salinity values would in-
crease dlightly above existing conditions, from 513 to 532 uS/cm. SAR values
would increase from 0.5 to 1.1. The estimated increases in salinity and SAR from
CBM discharges in the Tongue River sub-watershed would not ater the irriga-
tion suitability of the Upper Tongue River.

Under Alternative 1, CBM discharges in the Upper Tongue River sub-watershed
would undergo treatment prior to discharge. Water quality effects would be mini-
mized, depending on the level and method of treatment.

Upper Powder River Sub-Watershed

Effects on water quality in the Upper Powder River areillustrated in Figure 4-15
and Figure 4-16. Representative water quality from CBM wells in the sub-
watershed has an average salinity of 2,428 uS/cm and an average SAR of 13.5
(Energy Labs 2001).

Flows expected from CBM produced water discharges (22.2 cfs) would result in
dlight contributions to the flow of the Upper Powder River. Salinity values would
increase dightly above existing conditions, from 2,057 to 2,101 pS/cm. SAR
values would increase from 4.8 to 5.8. The water in the Upper Powder River
would be expected to remain suitable for irrigation purposes.

Salt Creek Sub-Watershed

Currently there is no CBM development in the Salt Creek sub-watershed, so
mass balance calculations could not be performed. Existing water quality in Salt
Creek is high in sainity (5,797 pS/cm) and SAR (15.5). With CBM flows of
0.02 cfs projected for the sub-watershed, the combined water quality would
likely remain unchanged. The water in Salt Creek is of poor quality for livestock
consumption due to the high salinity.
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Figure4-13 EXxisting and Projected Water Quality in Year 2002 — Upper
Tongue River Sub-Watershed
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Upper Tongue River at State Line near Decker
06306300
60.00
50.00 A
40.00
o
< 30.00
n
20.00
10.00
0.00 x : :
0 500 1,000 1,500 2,000 2,500
Conductance (uS/cm)
— Hanson Line —— Main Stem
—a&— CBM Produced Water ~—>— Combined Water Quality

Figure4-14 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Upper Tongue River Sub-Water shed

Powder River at Arvada
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Figure4-15 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Upper Powder River Sub-Water shed
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Figure4-16 EXxisting and Projected Water Quality in Year 2002 — Upper

Powder River Sub-Water shed
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Crazy Woman Creek Sub-Watershed

Effects on water quality in Crazy Woman Creek are illustrated in Figure 4-17
and Figure 4-18. For the purpose of this analysis, water quality data from exist-
ing CBM wells in the Upper Powder River sub-watershed were assumed to be
representative of water produced in the Crazy Woman Creek sub-watershed.
CBM produced water from the Upper Powder River sub-watershed has an aver-
age salinity of 2,428 uS/cm and an average SAR of 13.5 (Energy Labs 2001).

Flows expected from CBM produced water discharges (2.8 cfs) would result in
dlight contributions to existing flows in Crazy Woman Creek. Salinity values
would increase from 1,185 to 1,306 uS/cm. SAR values would increase from 2.0
to 3.1. The water in Crazy Woman Creek would be expected to remain suitable
for irrigation purposes.

Crazy Woman Creek at Upper Station near Arvada
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Figure4-17 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Crazy Woman Creek Sub-Water shed
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Figure4-18 EXxisting and Projected Water Quality in Year 2002 — Crazy
Woman Creek Sub-Water shed
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Clear Creek Sub-Watershed

Effects on water quality in Clear Creek are illustrated in Figure 4-19 and Figure
4-20. For the purpose of this anaysis, water quality data from existing CBM
wells in the Upper Powder River sub-watershed were assumed to be representa-
tive of water produced in the Clear Creek sub-watershed. CBM produced water
from the Upper Powder River sub-watershed has an average salinity of 2,428
pS/cm and an average SAR of 13.5 (Energy Labs 2001).

The additional flow attributable to produced water (2.4 cfs) would result in very
minor contributions to the flow of Clear Creek. Salinity values would increase
dightly above existing conditions, from 1,141 to 1,167 uS/cm. SAR values
would increase from 1.1 to 1.4. The dight increases in sainity and SAR from
CBM discharges in the Clear Creek sub-watershed would not alter the irrigation
suitability of Clear Creek. The combined water quality would be expected to be
suitable for irrigation.

Under Alternative 1, about one-third of the CBM discharges in this watershed
would be treated prior to discharge. Effects on water quality in Clear Creek
would be minimized, depending on the level and method of treatment.

Clear Creek near Arvada
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Figure4-19 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Clear Creek Sub-Water shed
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Figure4-20 Existing and Projected Water Quality in Year 2002 — Clear
Creek Sub-Watershed
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Middle Powder River Sub-Watershed
Effects on water quality in the Middle Powder River are illustrated in Figure 4—

21 and Figure

4-22. Representative CBM water quality was based on samples

from existing CBM wells located in the sub-watershed. The CBM water quality
has a salinity of 3,423 uS/cm and an SAR of 3.7 (Energy Laboratories 2001).
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Figure4-21 Existing and Projected Water Quality in Year 2002 —

Middle Powder River Sub-Water shed
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Powder River at Moorhead
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Figure4-22 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Middle Powder River Sub-Watershed

CBM produced water flows (2.0 cfs) would result in very minor contributions to
the flow of the Middle Powder River. Salinity values would increase dightly
above existing conditions, from 2,023 to 2,033 uS/cm. SAR values would remain
at 4.4. The projected increase in salinity would not significantly ater the irriga-
tion suitability of the Middle Powder River, which is currently of acceptable
quality for irrigation of most soil types.

Little Powder River Sub-Watershed

Effects on water quality in the Little Powder River are illustrated in Figure 4-23
and Figure 4-24. Representative CBM water quality was based on samples from
existing CBM wells located in the sub-watershed. The CBM water quality has a
salinity of 2,048 uS/cm and an SAR of 8.9 (Energy Laboratories 2001).

The additional flow attributable to produced water (2.6 cfs) would result in very
minor contributions to the flow of the Little Powder River. Salinity values would
decline below existing conditions, from 2,737 to 2,593 pS/cm. SAR values
would increase from 6.1 to 6.8. The projected decrease in sainity and increase in
SAR would not significantly alter the irrigation suitability of the Little Powder
River, which is currently of acceptable quality for irrigation of most soil types.
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Figure4-23 Existing and Projected Water Quality in Year 2002 — Little
Powder River Sub-Water shed
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Little Powder River above Dry Creek near Weston
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Figure4-24 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Little Powder River Sub-Water shed

Antelope Creek Sub-Watershed

Effects on water quality in Antelope Creek are illustrated in Figure 4-25 and
Figure 4-26. Representative CBM water quality was based on samples from ex-
isting CBM wells located in the sub-watershed. The CBM water quality from has
asalinity of 1,130 pS/'cm and an SAR of 7.3 (Energy Laboratories 2001).

Antelope Creek near Teckla
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Figure4-25 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Antelope Creek Sub-Water shed
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Figure4-26 Existing and Projected Water Quality in Year 2002 —

Antelope Creek Sub-Water shed
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The additional flow attributable to produced water (0.9 cfs) would result in very
minor contributions to the flow of Antelope Creek. Salinity values would de-
crease below existing conditions, from 2,920 to 2,138 pS/cm. SAR values would
increase from 3.0 to 4.9. The projected decrease in salinity and increase in SAR
would not significantly alter the irrigation suitability of Antelope Creek as both
values would approach baseline levels during the irrigation months. The com-
bined water quality would be expected to be suitable for irrigation.

Upper Cheyenne River Sub-Watershed

Effects on water quality in the Upper Cheyenne River are illustrated in Figure 4—
27 and Figure 4-28. Representative CBM water quality was based on samples
from existing CBM wells located in the sub-watershed. The CBM water quality
has a salinity of 787 uS/cm and an SAR of 7.0 (Energy Laboratories 2001).

The additiona flow attributable to produced water (0.6 cfs) would result in very
minor contributions to the flow of the Cheyenne River. Salinity values would
decrease below existing conditions, from 3,321 to 3,025 pS/cm. SAR values
would remain approximately 7.3. The projected decrease in salinity from CBM
discharges in the Upper Cheyenne River sub-watershed would not be expected to
alter the irrigation suitability of the Cheyenne River which is suitable for irriga
tion of most soil types.

Upper Cheyenne River near Riverview
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Figure4-27 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Upper Cheyenne River Sub-Water shed
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Figure4-28 EXxisting and Projected Water Quality in Year 2002 — Upper
Cheyenne River Sub-Water shed
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Upper Belle Fourche River Sub-Watershed

Effects on water quality in the Upper Belle Fourche River are illustrated in
Figure 4-29 and Figure 4-30. Representative CBM water quality was based on
samples from existing CBM wells located in the sub-watershed. The CBM water
quality has a salinity of 1,202 pS/cm and an SAR of 9.1 (Energy Laboratories

2001).
Upper Belle Fourche River at Moorcroft
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Figure4-29 Projected Effects of Salinity and SAR on Infiltration in Year
2002 — Upper Belle Fourche River Sub-Water shed

The additional flow attributable to produced water (5.9 cfs) would result in very
minor contributions to the flow of the Upper Belle Fourche River. Salinity values
would decrease below existing conditions, from 2,588 to 2,087 uS/cm. SAR val-
ues would increase from 5.1 to 6.5. The projected decrease in salinity and in-
crease in SAR would not alter the irrigation suitability of the Belle Fourche River
as both values would approach baseline levels during irrigation months. The
combined water quality would be expected to be suitable for irrigation, based on
Y ear 2002 projections.

Over the life of the project, effects on surface water quality and the suitability of
surface waters for irrigation purposes, when commingled with CBM discharges,
are expected to be comparable to the effects illustrated in the year 2002, assum-
ing the water handling percentages remain unchanged. Mass balance cal cul ations
were performed using the same methodology and assumptions described earlier
in this section for Year 2002 impacts. These mass balance calculations assume
that the representative water quality of the CBM discharges and surface water
quality and stream flows remain constant throughout the life of the Project.
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Figure4-30 Existing and Projected Water Quality Effects in Year 2002
— Upper Belle Fourche River Sub-Watershed
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Table 4-6 summarizes the mass balance calculations by sub-watershed. Separate
calculations were performed for the irrigations months of May through July,
when concern for the suitability of the water for irrigation is greatest. The pro-
jected effects of salinity and SAR on infiltration are illustrated by sub-watershed
in Figure 4-31 through Figure 4-39. Water quality in the receiving streams
would be expected to remain of suitable quality for irrigation purposes, except
for the Upper Tongue River and the Upper Belle Fourche River. Restrictions on
salinity and SAR levels would be managed through the WDEQ's permitting
process to protect these streams for use for irrigation.

Upper Tongue River at State Line near Decker
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Figure4-31 Projected Effects of Salinity and SAR on Infiltration over
Project Life— Upper Tongue River Sub-Watershed

464 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Table4-6 Projected Surface Flows and Water Quality at Sub-water shed Boundary — Project Life

Predicted Mean
CBM Mean CBM Stream  Mean Stream Combined Combined
Discharge Conductance Mean CBM Flow Conductance Mean Stream Flow Conductance Combined
Sub-Watershed Station (cfs) (uS/cm) SAR (cfs) (uS/cm) SAR (cfs) (uS/cm) SAR
Upper Tongue River Upper Tongue River at State Line near 67.3 2,099 52.0 460.0 513 0.5 527.3 811 10.2
Decker
1122 (Irr)* 627 (Irr) 4.2 (Irr)
Upper Powder River Upper Powder River at Arvada 3424 2,428 135 277.2 2,057 48 619.6 2286 10.2
932.0 (Irr) 2204 (Irr) 8.3 (Irr)
Crazy Woman Creek Crazy Woman Creek at Upper Station near 61.0 2,428 135 51.6 1,185 20 112.6 1981 9.4
Arvada
198.6 (Irr) 1622 (Irr) 6.0 (Irr)
Clear Creek Clear Creek near Arvada 75.0 2,428 135 187.5 1,141 11 262.5 1620 57
517.3 (Irr) 1367 (Irr) 3.3(Irr)
Middle Powder River Middle Powder River at Moorhead, MT 16.7 3,423 37 462.5 2,023 44 479.2 2103 44
1025 (Irr) 2051 (Irr) 4.4 (Irr)
Little Powder River Little Powder River above Dry Creek near 18.8 2,048 8.9 223 2,737 6.1 41.1 2346 1.7
Weston
53.1 (Irr) 2450 (Irr) 7.3 (lrr)
Antelope Creek Antelope Creek near Teckla 17.3 1,130 7.3 9.8 2,920 3.0 271 1537 6.3
47.3 (Irr) 2120 (Irr) 4.9 (Irr)
Upper Cheyenne River Upper Cheyenne River near Riverview 5.2 787 7.0 58.0 3,321 7.3 63.2 2478 7.2
185.5 (Irr) 3245 (Irr) 7.3 (lrr)
Upper Belle Fourche River  Upper Belle Fourche River near M oorcroft 54.0 1,202 9.1 239 2,588 51 77.9 1546 8.1

123.2 (Irr) 1834 (Irr) 7.3 (lrr)

Notes:
1 Irr = Projected during theirrigation months of May, June, July
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Figure 4-32

Projected Effects of Salinity and SAR on Infiltration over
Project Life— Upper Powder River Sub-Water shed
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Figure 4-33

Projected Effects of Salinity and SAR on Infiltration over
Project Life— Crazy Woman Creek Sub-Water shed
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Clear Creek near Arvada
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Figure4-34  Projected Effects of Salinity and SAR on Infiltration over
Project Life—Clear Creek Sub-Water shed

Powder River at Moorhead
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Figure4-35 Projected Effects of Salinity and SAR on Infiltration over
Project Life—Middle Powder River Sub-Water shed
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Little Powder River above Dry Creek near Weston
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Figure4-36  Projected Effects of Salinity and SAR on Infiltration over
Project Life—Little Powder River Sub-Watershed

Antelope Creek near Teckla
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Figure4-37 Projected Effects of Salinity and SAR on Infiltration over
Project Life— Antelope Creek Sub-Watershed
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Figure 4-38

Projected Effects of Salinity and SAR on Infiltration over
Project Life—Upper Cheyenne River Sub-Water shed
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Figure 4-39

Projected Effects of Salinity and SAR on Infiltration over
Project Life—Upper Belle Fourche River Sub-Water shed
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Surface Drainages

Surface drainages may be affected by the discharge of CBM produced water
where channels are not stable, armored, or large enough to accommodate antici-
pated flows. Localized flooding may occur with increased frequency and magni-
tude where channel or basin capacity is insufficient to handle increased flows. In
contrast to naturally occurring flows, which fluctuate drastically with changing
seasons, CBM generated flows occur year-round with small fluctuations. Water
management plans would be an integral part of the mitigation planning to con-
trol, monitor, and provide for appropriate beneficial use of CBM produced water
inan area.

Conveyance losses due to evapotranspiration and infiltration would reduce the
volume of discharged CBM produced water by an estimated 80 percent, making
it unlikely that most discharged water would reach the main stems of surface
drainages (Meyer 2000, AHA 2001b). Although most of the discharged water in
an arealikely would not reach a main stem drainage, previousy ephemeral draws
could become perennial downstream from clustered outfalls, where large vol-
umes of CBM produced water are released to surface drainages.

High seasonal flows during the spring would be expected to rise with the addition
of CBM produced water. Channels may overbank during snowmelt, flooding
nearby fields. Localized erosion and gully formation, water-damaged structures,
inundated vegetation, siltation, or breaching of irrigation structures may result
from large, late, or prolonged flood events. However, numerous impoundments
constructed to store CBM produced water for beneficial use aso would serve as
effective flood control structures. Increased surface flows also could fill channels
and culverts with ice during the winter, causing localized flooding. Closed basins
or playas (old lakebeds) may become inundated if CBM produced water is dis-
charged into them.

In-channel impoundments would be designed as flow-through structures and
would be properly permitted by the WSEO. No existing surface water right
would be expected to be affected by this water handling method. Water dis-
charged to surface drainages would be available for appropriation and diversion,
under WSEO authorizations.

Downcutting (stream erosion) and sediment deposition (aggradation) are natural
processes that occur as stream drainages age through time. Downcutting occurs
within the upper reaches of a drainage system, as the stream channel becomes
incised through erosion, until the slope of the stream and its velocity are reduced
and further erosion is limited. Sediment deposition occurs within the lower,
slower reaches of a stream.

Degradation of surface drainages could result from stream erosion caused by in-
creased surface flows, unless CBM discharge rates and outfall locations are care-
fully controlled. Increased flows could cause downcutting in fluvial environ-
ments, resulting in increased channel capacity within upper and middle reaches
of watersheds over time. Where downcutting occurs in highly erodible soils, ra-
vines or gullies are likely to develop unless outfalls are carefully located and de-
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signed. Design should incorporate avoidance of surface discharge above existing
headcut aress.

Sediment transported downstream from outfalls likely would be deposited in flu-
vial settings, as stream gradients decrease within lower reaches of drainages.
Wherever sediment deposition occurs, channel capacity likely would decrease
over time, possibly increasing the likelihood that localized flooding may occur. A
new balance between channel capacity and floodplain morphology would be es-
tablished as the proposed Project is implemented, and would be re-established at
the end of the Project’s life. Where the quality of produced water and landowner
preferences allow the construction of stock reservoirs to store some surface flows
for beneficia use, these structures likely also would serve as effective flood con-
trol measures during intense storm events. These impoundments would be lo-
cated in-channel or near-channel and would be designed as flow through struc-
tures.

Overbank deposits (produced during flood events) can yield nutrient-rich and
arable soils, which may enhance the agricultural uses of the affected lands. Alter-
natively, overbank deposits may add saline or fine-grained sediments to a flood-
plain, decreasing productivity and lowering infiltration rates through the addition
of materials having elevated SAR values. The latter could occur in watersheds
affected by saline soils, soils developed from shales, or CBM produced water
containing elevated SAR values.

While drainages would not be expected to flow under completely natural condi-
tions during the life of the Project, the enhanced CBM flows would not be ex-
pected to alter surface drainage patterns, except as noted. Streams enhanced by
large volumes of CBM produced water may begin to establish meander patterns
on longer wavelengths in response to increased flows. At the end of the Project’s
life, stream drainages would readjust to their existing natural flows.

Springs

New springs may develop in areas where the infiltration of CBM produced water
is recharging alluvial aguifers or Wasatch sands. If compaction occurs during
construction or production activities, spring flow may be inhibited locally. Natu-
ral discharge from springs potentially can be affected by a reduction in hydraulic
head within the source aquifer. Potential effects on springs should be anayzed
site-specifically, as needed, during the review of APDs or Sundry Notices, and
impacts mitigated through the application of specia conditions of approval. Ad-
ditional discussion isin the groundwater section (beginning on page 4-1.

Water Bodies

Two large reservoirs located within the Project Area (Lake DeSmet in the Clear
Creek sub-watershed and Keyhole Reservoir in the Upper Belle Fourche River
sub-watershed) potentially would receive surface flows containing CBM pro-
duced water. More than half of the smaller 1,161 permitted surface water im-
poundments in the Project Areawould also potentially receive surface flows con-
taining CBM produced water. Concentrations of trace metals and saltsin the im-
pounded water may become elevated as evaporation occurs. Water quality could
reach levels of concern for various constituents when inflow to the impound-
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ments cease, and prior to reclamation. Evaporation of pond contents with no ad-
ditional inflow of CBM water could be expected to elevate constituent concentra-
tions by as much as 20 percent each year until the contents are dry. The water
chemistry, sediment load, and flow quantity of CBM produced water that may
reach surface water impoundments should be carefully monitored and addressed
in water management planning for each area affected by CBM development. Po-
tential effects on surface water impoundments should be analyzed site-
specifically, as needed, during the review of APDs or Sundry Notices, and im-
pacts mitigated through the application of special conditions of approval.

Surface Water Use

Produced water from CBM wellsis most likely to be used for livestock watering,
fisheries, and irrigation. Dust abatement of county roads is likely to be accom-
plished using CBM water in minimal amounts. Surface water withdrawals in the
Project Areatotaled 1,636 mgd in 1995 (USGS 1995). The total volume of water
that would be produced during the life of the Project is estimated to be 4.4 mil-
lion acre-feet. Conveyance losses of 80 percent due to evapotranspiration and
infiltration along stream channels would result in approximately 476,000 acre-
feet of CBM produced water available for withdrawal over thelife of the Project.

Alternative 2A

Under Alternative 2A, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Except for the dif-
ferences resulting from changes in the distribution of water handling options
(discussed below), the effects on surface water resources would be similar to
those described under Alternative 1.

The distribution of water handling methods under Alternative 2A is summarized
in Table 2-9. The percentage of water handled by each of these options as a per-
centage of the total water production is summarized on Table 4-2. Alternative
2A emphasizes discharge of CBM water to infiltration impoundments, account-
ing for 20 to 40 percent of the total water production. The maximum water vol-
ume discharged to the surface under Alternative 2A is expected to increase from
an estimated 66,000 acre-feet in 2002, to an estimated 83,000 acre-feet, occurring
in 2006. The volume of CBM water discharged to surface drainages is less than
under Alternative 1. There would be no surface discharge in the Salt Creek sub-
watershed. The projected annual outflow of CBM produced water at the sub-
watershed boundaries also would be less than under Alternative 1, as shown on
Table4-1.

CBM supplemented flows at the sub-watershed boundaries would account for
between 0.2 and 13 percent of the annua average stream flows, as shown on
Table 4-2. CBM supplemented flows at the sub-watershed boundaries would be
less than under Alternative 1 in al sub-watersheds except the Upper Belle
Fourche River sub-watershed, which would remain unchanged from Alternative
1

Water quality of the receiving streams may improve because of the increased use
of passive treatment of CBM water prior to surface discharge. The water quality
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of the receiving streams is likely to remain suitable for irrigation purposes. The
volume of CBM water likely to be used for irrigation, livestock watering, and
other beneficial uses would be less than under Alternative 1, with approximately
179,000 acre-feet available for use over the life of the project.

Alternative 2B

Under Alternative 2B, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Except for the dif-
ferences resulting from changes in the distribution of water handling options
(discussed below), the effects on surface water resources would be similar to
those described under Alternative 1.

The distribution of water handling methods under Alternative 2B is summarized
in Table 2-9. The percentage of water handled by each of these options as a per-
centage of the total water production is summarized on Table 4-3. Alternative 2B
emphasi zes treatment, both passive and active, prior to surface discharge of CBM
water. The maximum water volume discharged to the surface under Alternative
2B is expected to increase from an estimated 107,000 acre-feet in 2002, to an
estimated 146,000 acre-feet, occurring in 2006. The volume of CBM water dis-
charged to surface drainages would be less than under Alternative 1, but more
than under Alternative 2B. There would be no surface discharge in the Salt Creek
sub-watershed. The projected annual outflow of CBM produced water at the sub-
watershed boundaries also would be less than Alternative 1, but would be more
than under Alternative 2A, as shown on Table 4-1.

CBM supplemented flows at the sub-watershed boundaries would account for
between 0.1 and 14 percent of the annua average stream flows, as shown on
Table 4-3. CBM supplemented flows at the sub-watershed boundaries would
decrease from Alternative 1 in al sub-watersheds except the Upper Belle
Fourche River sub-watershed, which would increase from Alternative 1.

Water quality of the receiving streams would likely improve and increase
assimilative capacity because of the increased use of treatment of CBM water
prior to surface discharge. The water quality of the receiving streams would
likely remain suitable for irrigation purposes. The volume of CBM water likely
to be used for irrigation, livestock watering, and other beneficial uses would be
less than under Alternative 1, but more than under Alternative 2A, with
approximately 271,000 acre-feet available for use over the life of the Project. It is
likely that consumptive use of CBM water would increase as the water would be
of higher quality due to the treatment methods employed prior to discharge.

Alternative 3

Alternative 3 (No Action) assumes that no new Federal wells would be com-
pleted, except for potential drainage situations. This would result in a substantial
reduction in projected new CBM wells, from 39,367 to 15,458. Except for the
differences discussed below, the effects on surface water resources would be
similar to those described under Alternative 1.
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The maximum water volume discharged to the surface under Alternative 3 is ex-
pected to increase from an estimated 36,000 ac-ft in 2002, to an estimated
112,000 ac-ft, occurring in 2007. The volume of CBM water discharged to sur-
face drainages would be less than under Alternative 1. The projected annual out-
flow of CBM produced water at the sub-watershed boundaries also would be less
than Alternative 1, as shown on Table 4-1.

CBM supplemented flows at the sub-watershed boundaries would account for
between 0.02 and 6 percent of the annua average stream flows, as shown on
Table 4-3. CBM supplemented flows at the sub-watershed boundaries would be
less than under Alternative 1 in all sub-watersheds except the Salt Creek sub-
watershed, which would remain unchanged from Alternative 1.

The water quality of the receiving streams would likely remain suitable for irriga-
tion purposes. The volume of CBM water likely to be used for irrigation, live-
stock watering, and other beneficial uses would decrease under Alternative 3,
with approximately 182,000 acre-feet available for use over the life of the Pro-
ject.

Cumulative Effects
Alternative 1

Surface Water Quantity

The cumulative surface water flows at the Project Area boundaries are shown in
Table 4-7. CBM-enhanced surface flows from the following sub-watersheds
would be combined, as outflow from the Powder River at the Montana State line:
Salt Creek; Upper Powder River; Crazy Woman Creek; Clear Creek, and Middle
Powder River. CBM-enhanced surface flows from the following sub-watersheds
would not be combined with any other sub-watersheds, and each would represent
a separate outflow at the Montana State line: Upper Tongue River and Little
Powder River. CBM-enhanced surface flows from the Upper Belle Fourche
River sub-watershed would not be combined with any other sub-watersheds, and
would represent a separate outflow at the eastern Project Area boundary. CBM-
enhanced surface flows from the following sub-watersheds would be combined,
as outflow from the Cheyenne River at the eastern Project Area boundary: Ante-
lope Creek; and Upper Cheyenne River.

Active coa mines would have additional surface water to manage. Active coal
mines are located within three sub-watersheds in the Project Area: the Upper
Belle Fourche River, Little Powder River, and Upper Cheyenne River sub-
watersheds. Culverts carrying water from upstream reaches of watersheds
undergoing CBM development may have to be re-sized. Diversion channels for
natural flows may have to be re-sized to handle additional flows. Mining
operations that partially treat water in their sedimentation impoundments may
have additional water to treat. In these situations, the water quality at the mines
NPDES outfalls may be affected by commingling CBM discharge waters with
those from the surface mines. Potentia effects on mine operations should be
analyzed site-specifically, as needed, during the review of CBM Pans of
Development and/or Water Management Plans, and impacts mitigated through
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Water Management Plans, and impacts mitigated through the application of spe-
cial conditions of approval for affected APDs.

Table4—7 Cumulative Surface Water Volume and Flow at Project
Boundary
______________________________________________________________________________________________________|]
Cumulative CBM Cumulative CBM

Enhanced Surface Water ~ Enhanced Surface
Volume at Project Water Flow at Project

Sub-Watershed Boundary (acre-feet) Boundary (cfs)
Alternative 1
Upper Tongue River at State Line near Decker, WY 51,210 71

Upper Powder River at Arvada, WY
Salt Creek near Sussex, WY
Crazy Woman Creek at Upper Station near Arvada, WY

Clear Creek nr Arvada, WY

Middle Powder River at Moorhead, MT 370,923 512
Little Powder River above Dry C near Weston, WY 15,581 22
Antelope Creek near Teckla, WY

Upper Cheyenne River near Riverview 17,323 24
Upper Belle Fourche River below Moorcroft, WY 43,550 60

Alternative 2A
Upper Tongue River at State Line near Decker, WY 14,632 20

Upper Powder River at Arvada, WY
Salt Creek near Sussex, WY
Crazy Woman Creek at Upper Station near Arvada, WY

Clear Creek nr Arvada, WY

Middle Powder River at Moorhead, MT 113,203 156

Little Powder River above Dry C near Weston, WY 5,993 83

Antelope Creek near Teckla, WY

Upper Cheyenne River near Riverview 12,598 17

Upper Belle Fourche River below Moorcroft, WY 43,550 60
Alternative 2B

Upper Tongue River at State Line near Decker, WY 38,407 53

Upper Powder River at Arvada, WY

Salt Creek near Sussex, WY

Crazy Woman Creek at Upper Station near Arvada, WY
Clear Creek nr Arvada, WY

Middle Powder River at Moorhead, MT 177,341 245

Little Powder River above Dry C near Weston, WY 8,629 12

Antelope Creek near Teckla, WY

Upper Cheyenne River near Riverview 12,598 17

Upper Belle Fourche River below Moorcroft, WY 48,389 67
Alternative 3

Upper Tongue River at State Line near Decker, WY 21,894 30

Upper Powder River at Arvada, WY
Salt Creek near Sussex, WY
Crazy Woman Creek at Upper Station near Arvada, WY

Clear Creek nr Arvada, WY

Middle Powder River at Moorhead, MT 163,396 226
Little Powder River above Dry C near Weston, WY 16,265 23
Antelope Creek near Teckla, WY

Upper Cheyenne River near Riverview 10,339 14
Upper Belle Fourche River below Moorcroft, WY 35,516 49

Surface Water Quality

The cumulative impacts on surface water resources from activities associated
with CBM devel opment and surface coal mining activities are considered in mass
balance calculations of CBM and mine surface discharge from each sub-
watershed and existing water quality and flow data. The calculations were per-
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formed to provide an estimate of the cumulative effects on salinity and SAR ex-
pected at the Project boundary. Mass balance calculations were performed using
the same methodology described earlier in this section for Project-only impacts,
with the following exceptions. WDEQ files indicate that coal mine discharges do
not occur regularly. Typically, coa mine discharges occur only in response to
large storm events, when sedimentation ponds require dewatering. Discharge
monitoring reports do not contain parameters needed to evaluate salinity or SAR
for mine discharge waters. TDS values in the sedimentation ponds from surface
coal mines were available for a few mines from on-site inspection records. TDS
values of these sedimentation ponds average 1,500 mg/L in the Upper Belle
Fourche sub-watershed, 1,600 mg/L in the Upper Cheyenne River sub-watershed,
and 2,950 mg/L in the Little Powder River sub-watershed. Since the water being
discharged by the mines has been extracted from the coal aquifer, it is likely that
the representative coal aguifer water quality data in Table 3-2 would represent
the salinity and SAR of the mine discharge waters, even though mine water that
is discharged in response to storm events is likely to show the effects of mixing
with precipitation and sediment from the mine area. Since discharges of CBM
water are relatively constant, it is likely that the intermittent surface discharge
from coal mining activities would not cause any discernible effects in water qual-
ity, with respect to CBM discharges.

Cumulative effects analyzed in the Powder River at Moorhead, Montana for the
Salt Creek, Upper Powder River, Crazy Woman Creek, Clear Creek, and Middle
Powder River sub-watersheds are represented in Figure 4—40. Cumulative effects
analyzed in the Cheyenne River at Riverview, Wyoming for the Upper Cheyenne
River and Antelope Creek sub-watersheds are represented in Figure 4-41. Cumu-
lative effects in the Upper Tongue River sub-watershed, the Little Powder River
sub-watershed, and the Upper Belle Fourche River sub-watershed would be rep-
resented by Figure 4-40 and Figure 4-41, shown previoudly, as effects would be
similar to those projected over the life of the project. Although it was possible to
make calculations that would be reasonably representative of the cumulative ef-
fects at the Project boundaries, it is not reasonable to project that the assumptions
utilized would apply over the life of the Project. Insufficient data are available to
compile cumulative water quality data at the Project boundaries. For this reason,
the State of Wyoming established a tributary monitoring program in 2001 to col-
lect data from locations where it is needed for meaningful analysis of water qual-
ity at the State line. The States of Montana and Wyoming also have agreed to an
interim Memorandum of Cooperation MOC) to document their commitments and
intent to protect and maintain water quality conditions at the State line. This in-
terstate agreement will include a monitoring program that would provide addi-
tional data for evaluating cumulative effects on water quality.
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Figure4-40 Projected Cumulative Effects of Salinity and SAR on
Infiltration — Powder River at Moorhead, M ontana
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Figure441 Projected Cumulative Effects of Salinity and SAR on
Infiltration — Cheyenne River at Riverview, Wyoming
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Surface Drainages

By the end of the Project’s life, some surface drainages within the Project Area
may be dlightly deeper than they are today due to stream erosion. Careful siting
and design of surface discharge outfalls would prevent or mitigate this impact.
Downvalley, a careful observer may feel that there may be a few more bar or
beach deposits within perennia streams or rivers than there are today. Spring
flows may have changed from present conditions. Potentia effects on existing
springs should be analyzed site-specifically, as needed, during the review of
CBM Pans of Development and/or Water Management Plans, and impacts miti-
gated through the application of special conditions of approva for affected
APDs.

Water Bodies

Reservoirs downstream of the Project Area likely would receive more water and
could receive more sediment as a consequence of CBM development. Current
protocols for managing these reservoirs may need to be revised. Additional water
may be available to support adjudicated water uses downstream of the reservairs.

Water Use

Agricultural and livestock operations would have additional surface water to
manage and use during the life of the Project. Stock watering and irrigation likely
would increase within the Project Area. Groundwater withdrawals for these pur-
poses would likely decrease due to the increased availability of surface water.

Alternative 2A

The cumulative effects on surface water resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Cumulatively, CBM-enhanced surface flows at the Project Area boundaries
would be lessthan under Alternative 1.

Surface water quality at the Project Area boundary would likely be of better qual-
ity than under Alternative 1. The volume of CBM-enhanced surface waters likely
to be used for irrigation, livestock watering, and other beneficial uses also would
be less than under Alternative 1.

Alternative 2B

The cumulative effects on surface water resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Cumulatively, CBM-enhanced surface flows at the Project Area boundaries
would be less than under Alternative 1, but more than under Alternative 2A.

Surface water quality at the Project Area boundaries would likely be of better
guality than under Alternatives 1 and 2A. The volume of CBM-enhanced surface
waters likely to be used for irrigation, livestock watering, and other beneficial
uses also would be less than under Alternative 1, but more than under Alternative
2A.
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Alternative 3

The cumulative effects on surface water resources would be similar to those de-
scribed under Alternative 1, except as noted below.

Cumulatively, CBM-enhanced surface flows at the Project Area boundaries
would be lessthan under Alternative 1.

Surface water quality at the Project Area boundaries would likely be of better
quality than under Alternative 1. The volume of CBM-enhanced surface waters
likely to be used for irrigation, livestock watering, and other beneficial uses also
would be lessthan under Alternative 1.

Physiography, Geology, Paleontology and
Mineral Resources

Paleontology

Paleontological resources are fragile resources and, once disturbed, lose much of
their preserved information. Avoidance of significant sites is the preferred miti-
gation of adverse effects on paleontological resources.

Within the Powder River Basin Project Area, the construction of oil and gas-
related facilities, including access roads, could adversely impact scientificaly
significant fossils. The potential for impact to significant fossils is greatest in ar-
eas where Class 3, 4, or 5 formations are present. Both surface and subsurface
fossils could be damaged or destroyed during ground-disturbing activities. The
greatest potential impact to surface and subsurface fossils comes from excava-
tions of surface sediments and shallow bedrock. These types of excavations are
commonly associated with well pad, pipeline, access road, and building construc-
tion. Drilling activities may impact fossils, but because this impact is not visible,
verifiable or preventable, the impact to significant fossils posed by drilling is
considered low.

Across the Project Area, occurrences of surface fossils could be rejuvenated at
previoudy collected fossil localities within as little time as one year. In addition,
surface fossil concentrations could develop where no fossils were present before
wherever fossiliferous rocks are exposed due to erosion.

As part of the APD approval process for Federal lease development, the BLM
and FS require surveys of all areas where ground-disturbing activity is proposed
when significant paleontological resources are known to occur. In most cases,
given the small size bias of Wasatch Formation fossils in the PRB, individual
construction sites should be able to be cleared of al significant fossils prior to
construction. APD conditions of approval require protection and prompt report-
ing of paleontological resources discovered during Project activities. Operations
must be suspended until an evaluation of the discovery and mitigation are com-
pleted. It is unlikely that any fossils discovered during pre-construction surveys
or monitoring phases would result in construction delays. In addition to adverse
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impacts during construction, significant fossils may become exposed during sub-
sequent erosion of freshly excavated rocks at each construction site. In Class 3 or
5 formations, post-construction paleontologic inspections may be recommended,
depending upon the results of the pre-construction site survey.

All facilities located on Federal surface ownership lands would be considered
Federal undertakings, subject to Federal guidelines and regulations protecting
paleontologica resources. Where oil or gas development excludes Federal leases
or surface ownership lands, no Federal permits are required to develop these
lands, and protection measures for paleontological resources might not be man-
dated by the landowners or monitored as closely.

Alternative 1

Development of oil or gas resources on Federal leases would be considered a
Federal undertaking, subject to Federal guidelines and regulations protecting pa-
leontological resources. However, only a portion of the facilities associated with
Fee and State wells developed under Alternative 1 are likely to be located on
Federal surface ownership lands and would be considered Federa undertakings.

Surface disturbance associated with construction activities would increase the
potential for paleontological resources to be affected. Only portions of the Project
Area have been evaluated for the occurrence of paleontological resources. As a
result, no accurate estimate can be made of the number of paleontological sites
that may be affected based on the 156 localities that have been recorded.

Surface disturbance typically associated with CBM development in the Project
Areq, i.e., use of two-track roads and natural terrain without vegetation removal
and drill pads or pipelines requiring minimal cut-and-fill excavations, would
limit the effect of ground-disturbing activities on subsurface paleontological re-
sources. Although paleontological resources contained in near-surface horizons
of soil and surficial deposits likely already have been disturbed by natural proc-
esses or human activity, there could be additional disturbance to paleontological
resources. Access across natural terrain without vegetation removal and limited
use of shallow excavations likely would have minimal additional effect on these
resources. Surface use and shallow excavations likely would have little or no ef-
fect on undisturbed pal eontol ogical resources occurring below the surface.

Where Federal undertakings associated with oil or gas development are involved,
potential effects on paleontological resources would be analyzed site-specificaly,
as needed, during review of APDs, Sundry Notices, ROWS, or Specia Use Per-
mits, and effects eliminated or minimized through the application of special con-
ditions of approval for operations. Where direct effects cannot be avoided, an
approved data recovery plan would be devel oped to mitigate the adverse effects.

The development of Fee and State wells would not be considered Federal under-
takings, and would not be subject to Federal guidelines and regulations protecting
paleontological resources. Unprotected paleontological resources potentially
could be disturbed, damaged, destroyed, or removed from the site, losing much
or al of their preserved scientific information.
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Alternative 2

Effects on paleontological resources likely would be similar to those described
under Alternative 1.

Alternative 3

Under Alternative 3, additional development of Federal leases would not be au-
thorized once existing authorizations under the Wyodak CBM Project EIS and
the Wyodak Drainage CBM EA have been exhausted. Qil or gas development of
Fee and State leases under Alternative 3 would involve far fewer Federal under-
takings subject to Federal guidelines and regulations protecting pa eontological
resources than Alternatives 1 or 2. Consequently, the number of paleontological
resources likely to be impacted would be fewer.

Only a portion of the facilities associated with Fee and State wells developed un-
der Alternative 3 are likely to be located on Federal surface ownership lands and
would be considered Federal undertakings. Where oil or gas development in-
volves Federal surface ownership lands, effects on paleontological resources
likely would be similar to those described under Alternatives 1 and 2.

The development of Fee and State wells under Alternative 3 would not be con-
sidered a Federal undertaking, and would not be subject to Federal guidelines and
regulations protecting paleontological resources. Unprotected paleontological
resources potentially could be disturbed, damaged, destroyed, or removed, losing
much or all of their preserved scientific information.

Mineral and Energy Resources

Alternative 1

Methane would be produced from Federal, State, and Fee CBM wells drilled into
underlying coal seams in the Project Area. Based on an average production rate
of approximately 160,000 cubic feet of CBM per well per day following initia
dewatering, and an average of 400 million cubic feet of CBM available per well
(De Bruin et a. 2001), an estimated 16 trillion cubic feet of methane would be
produced from the CBM wells included in Alternative 1, over the life of those
wells. Initial production rates during the first few years of production are ex-
pected to be higher, and then steadily decline during the rest of the well’s eco-
nomic life.

CBM development in the PRB has been concentrated on Fee and State leases for
several years, causing drainage of CBM resources from Federal leases. Drainage
of CBM resources from Federal |ease areas would continue to occur under Alter-
native 1, as development of Federal leases likely would continue to lag behind
the development of Fee and State leases. CBM development on Federal leasesin
some extensively drained areas may no longer be economically feasible. The
BLM is continuing to analyze the ongoing and anticipated levels of drainage
within the Project Area.
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Qil and gas would be produced from non-CBM wells drilled into underlying geo-
logic formations or structures in the Project Area. For the purpose of this analy-
sis, the following assumptions made by the BLM (BLM 2001f) have been used to
develop an estimation of the anticipated production of oil and gas from non-CBM
wells. Based on a mix of oil and gas discoveries (80 percent of new fields dis-
covered would contain oil and 20 percent of new fields discovered would contain
gas), the expected success ratio for the 3,200 new exploratory wells drilled
(15 percent), the anticipated number of productive wells (480), the average life of
aproductive well (15 years), average production of 137,800 barrels of oil equiva-
lent (BOE) over the life of each productive well, and the anticipated average size
of new fields (5 wells), an estimated 66,144,000 BOE would be produced from
the non-CBM wellsincluded in Alternative 1.

Past conflicts in the Project Area between CBM development and expanding sur-
face coal mining operations indicate potential conflicts may arise. BLM stipula-
tions mandating specific timing of activities or precluding CBM development
from some mine areas would be applied unless potential conflicts are resolved
through sponsored cooperation among affected interests that would result in mu-
tual agreements for affected areas.

CBM development occurring upstream of nearby surface coal mines could affect
coal mining operations. CBM produced water discharged upstream of mines
could increase surface flows in the vicinity of coal operations or decrease the rate
of groundwater withdrawals currently accompanying ongoing coal mining opera-
tions. Changed conditions could affect the design or permitting of coal mining
operations and the mining schedule for specific areas.

Sediment control structures located in the coal mine permit areas likely would be
affected by increased surface flows anticipated under Alternative 1. These struc-
tures have been designed to accommodate historical flow rates that do not in-
clude contributions from CBM generated flows. Some design aspects of mining
operations may need to be changed. Any required revisions to approved mine
plans would impact operators and agencies involved in reviewing proposed
changes. Timeframes needed to change design aspects of mining operations may
affect the timeframes for initiation of CBM discharges. CBM generated flows are
not likely to be lower quality (i.e., have elevated TDS over existing flows). The
effects on the availability of groundwater for mining operations and the effects of
increased surface flows on mine facilities could be mitigated site-specificaly
through cooperative agreements among CBM developers and mine operators, as
potential effects areidentified.

Water production rates, conveyance losses, water chemistry, and water handling
methods and their effects have been estimated for sub-watersheds containing sur-
face coal mines. This additional discussion occurs in the surface water section of
this chapter. To assigt the reader in following this discussion, the relative loca-
tions of sub-watersheds, surface coa mines, existing and projected CBM wells,
and existing water wells are shown on Figure 2-1.

Although conflicts between CBM drilling and existing or potentia surface coal

mining may occur, the economic value of the coal resource would not be af-
fected. Development of CBM wells would be precluded in areas of active or im-
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pending coa mining. Coal mining before CBM development would result in
valuable CBM resources and royalties not being recovered from the mined area.

Locating CBM wells in areas where future mining may take place would pre-
clude mining during the life of CBM wells located in the proposed mining area.
Coal in these areas could be mined after CBM extraction is completed or termi-
nated, or after an agreement is negotiated between the CBM developers and the
coa mine operators. The effects on mining schedules could be mitigated site-
specifically through cooperative agreements among CBM developers and mine
operators, as potential effects are identified.

Subsurface uranium deposits located in the southwestern portion of the Project
Area are associated with Wasatch Formation sandstones. Withdrawal of CBM
and water from the stratigraphically lower Fort Union Formation would not be
likely to affect the potential recovery of uranium resources from in-situ (in place)
subsurface leaching of sandstones. However, if infiltration of sulfate-rich water
into mining areas were to occur, uranium might precipitate prematurely, decreas-
ing recovery rates.

CBM development under Alternative 1 would not be likely to affect the recovery
of other mineral resources occurring in the Project Area. Oil and gas have been
produced from geologic formations occurring several thousand feet below the
coa zone. Salable minerals, primarily clinker, sand, and gravel, are produced
from surface deposits. Bentonite, high-calcium limestone, and gypsum occurring
in rocks exposed along the uplifted margins of the study, are stratigraphically
below the geologic formations that may be affected by CBM development in the
PRB. No other locatable mineral deposits are known to exist in the Project Area.
Development of existing mineral rights in the Project Area would be based on
exigting claims, lease terms and agreements; future conflicts would be dealt with
on a case-by-case basis.

Alternative 2

Effects on minerad and energy resources likely would be similar to those de-
scribed under Alternative 1.

Alternative 3

Effects on minerad and energy resources likely would be similar to those de-
scribed under Alternative 1; however the excluson of Federa wells and the
overall reduced number of CBM wells under Alternative 3 would result in some
variations from the effects described under Alternative 1. The magnitude of the
effects on mineral and energy resources under Alternative 3 likely would be re-
duced. Drainage of CBM resources likely would be greater under Alternative 3,
as more new drainage situations would be created by the exclusion of Federa
wells from projected activities.
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Geologic Hazards

Potential effects, such as creating geologic hazards, are not likely to occur. As
part of the APD approval process for Federal lease development, BLM, and FS
when involved, require consideration of geologic hazards contained in all areas
where ground-disturbing activity is proposed. APD conditions of approval would
require mitigation of effects.

All facilities located on Federal surface ownership lands would be considered
Federal undertakings, subject to Federal guidelines and regulations for environ-
mental protection. Where oil or gas development excludes Federal leases or sur-
face ownership lands, no Federa permits are required to develop these lands, and
protection measures for geologic hazards might not be mandated by the land-
owners or monitored as closely.

Alternative 1

In portions of the Project Area where underground injection would be used as
one of the methods of handling the water produced by CBM wells, no excessive
build-up of rock pressure or fracturing of rocks that could cause an earthquake to
occur would be anticipated during injection activities. Therefore, no earthquakes
associated with underground injection would be expected to occur. Use of under-
ground injection to dispose of produced water would occur in accordance with
Federal and State regulatory requirements. Injection wells would be authorized
only where the injection zone is sufficiently porous and permeable that fluids
could enter the rock formation without causing an excessive build-up of pressure
or fracturing of rocks.

Anticipated CBM flows could increase the frequency or magnitude of flooding
anticipated in the Project Area. Minimization of flood hazards within the Project
Areawould be dependent upon the use of mitigating measures to ensure adequate
control of anticipated surface flows and design of impoundments. Comprehen-
sive water management planning, including development and implementation of
best management practices for discharge outfalls and water development struc-
tures, would mitigate the effects of anticipated CBM flows. However, when
lower than anticipated flood damage occurred during an intense storm near Gil-
lette in May 2000, this event demonstrated that management of existing CBM
flows, including construction of many small reservoirs, reduced the severity of
flooding in the Project Areain one case.

Surface disturbance could worsen existing landslide hazards in the Project Area,
and could cause new landslide hazards. Unless disturbance to existing landslides
and areas susceptible to movement, such as steep slopes or unstable soils, is
avoided or mitigated during oil or gas development, mass movements likely
would increase within the Project Area, causing resource and property damage.
Landslides could be activated during oil or gas development activities, however,
design of operations incorporating best management practices and mitigation
measures that minimize landslide risks would lessen the potentia that landslides
would increase within the Project Area.

Surface disturbance could cause or worsen the continuing migration of wind-
blown sand deposits occurring along the southeastern and eastern margins of the

4-84 PRB O & G DEIS



Chapter 4 — Environmental Consequences

PRB, unless disturbed areas are stabilized promptly with vegetative cover. Con-
tinuing migration of windblown deposits would contribute to soil loss, if existing
soils were blown away with sands. Increased sedimentation in surface drainages
also would result from the migration of sand deposits.

CBM development would not be likely to cause noticeable ground subsidence,
aquifer compression, or aquifer collapse in the Project Area. Where unconsoli-
dated alluvia aquifers have collapsed in other geographic areas due to dewater-
ing, significant ground subsidence has occurred. However, the Fort Union For-
mation is a consolidated rock unit and is not as susceptible to aquifer compres-
sion or collapse as an unconsolidated unit. Also, based on its estimated storage
coefficient, and recognized depth from the surface to the coa zone aquifer where
decline in the hydraulic head could occur, the Fort Union Formation could not be
dewatered enough to cause noticeable ground subsidence.

Case et a. (2000) describe the formula used to calculate the amount of aquifer
compression that occurs when water is withdrawn from an aquifer. The changein
aquifer thicknessis equal to the storage coefficient times the change in head. The
storage coefficient is determined through a pump test and the change in head is
observed (or monitored) over time as declinesin water level.

The storage coefficient used by Case et a. (2000) for PRB producing coals and
underlying sands (1.0 x 10™), represents the best estimate available for the stor-
age coefficient applicable to the Fort Union Formation. Since the Big George
coal zone occurs between 1,000 and 2,000 feet below the surface in the central
portion of the PRB, a theoretical drawdown to the top of the Big George coal
zone could be up to 2,000 feet in the central portion of the PRB. Applying the
formula described above alows consideration of the largest aquifer compression
theoretically possible in the central portion of the PRB. It should be noted that a
decline in hydraulic head to the top of the Big George coal zone is not projected
in this analysis of the environmental effects under Alternative 1.

Aquifer compression in the central portion of the PRB theoretically could be
2.4 inches, if the hydraulic head in the Fort Union Formation declined to the top
of the Big George coal zone, although a decline of this magnitude is not pro-
jected under Alternative 1. Since the compressibility of an aquifer decreases with
increasing depth, (Edgar and Case 2000), CBM development of deeper codls,
such as the Big George zone, likely would result in less actual aguifer compres-
sion than is calculated above. In addition, the entire aquifer compression likely
would not be transmitted to the surface, resulting in no noticeable ground subsi-
dence even under maximum theoretical drawdown. The effects of aquifer com-
pression under Alternative 1 would be even less, and would not be noticeable.

Gas migration, seepage, and venting are naturally occurring processes where coal
beds are extremely close to the surface, and can be enhanced during CBM devel -
opment activities. Methane migration or seepage could occur within the PRB as
CBM development proceeds. Conditions for methane release would depend on
site-specific geologic conditions and/or the specific well development conditions
that remain after construction. Methane could emerge from water wells near
CBM production areas, affecting stock and residential wells. The escape of
methane also can result from inadequate well control procedures or faulty well
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Soils

casing or plugging. Methane would be controlled through BLM mandated APD
conditions of approval addressing well control, casing, ventilation, and plugging
procedures appropriate to site-specific CBM devel opment plans.

CBM development is not likely to increase the occurrence of underground coal
fires in the Project Area. CBM development in the PRB, including devel opment
under Alternative 1, is occurring under confined conditions in the coal aquifer,
which are not associated with spontaneous fires. The partial removal of water
from the coal seam during CBM development depressurizes the coal seam, and
reduces hydraulic head, but is not likely to leave the coal seam in a condition
where oxygen would replace water in the coa seam and result in spontaneous
combustion. The conditions established and maintained in CBM wells during
drilling and after well completion in order to meet health and safety requirements
and optimize gas production, also create unfavorable conditions for the sponta-
neous combustion of coal. Wellbore conditions are controlled to ensure airflow
out of the well, flushing of fines from the well, and venting of heat at the surface.

Alternative 2

Effects associated with geologic hazards likely would be similar to those de-
scribed under Alternative 1.

Alternative 3

Under Alternative 3, additional development of Federal leases (other than Fed-
eral protective wells in drainage situations) would not be authorized once exist-
ing authorizations under the Wyodak CBM Project EIS and the Wyodak Drain-
age CBM EA have been exhausted. Effects associated with geologic hazards
likely would be similar to those described under Alternative 1, although oil or gas
development of Fee and State leases under Alternative 3 would involve far fewer
Federal undertakings than Alternatives 1 or 2, and less Federa control of CBM
development activities in geologic hazard areas.

Short-term effects associated with construction activities consist of construction
of roads, well pads and production facilities, water handling facilities, erection of
overhead eectric lines, and burial of water and gas pipelines and electric lines.
Disturbances related to the burial of pipelines and electric lines would not occur
in the long-term as the trenches would be reclaimed upon completion. Because
most of the well pad is not needed for production, a majority of the disturbance
associated with well pad construction would consist of short-term disturbance.

Long-term effects include the disturbance of soils for roads, reduced well pads
and production facilities, water handling facilities, and overhead eectric lines.
All facilities under long-term effects are necessary for production of CBM gas or
water management.

Effects to soils result from the clearing of vegetation, excavation, stockpiling and

redistribution of soils during reclamation and construction activities, compaction,
and the storage or discharge of produced water. Loss of vegetation would expose
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soils and could result in aloss of organic matter in the soil. Excavation for facil-
ity pads and roads could cause slope steepening in cut and fill areas, mixing of
soil layers, and the breakdown of soil structure. Removal and stockpiling of soils
for reclamation could result in mixing of soil profiles and aloss of soil structure.
Compaction of the soil could decrease pore space and cause a loss of soil struc-
ture as well. Depending on the infiltration rates, storage or discharge of produced
water could ater physical and chemical properties of soils. All these effects
could alter the soil’s resistance to water and wind erosion and response to recla-
mation.

While the discussions in this section are adequate for a general level of analysis,
itisinsufficient for usein locating specific well pads, access roads, pipelines, and
other associated facilities. Site-specific analysis, typically done during the APD
process, would identify particular soil concerns and appropriate mitigation meas-
ures. The Buffalo Field Office Coa Bed Methane Well APD and Project Plan-
ning Guide (October 2000) provides guidelines for this analysis.

Alternative 1

In al, an estimated 211,992 acres of land, or 2.7 percent of the Project Area, may
be affected by CBM development activities in the short term. In contrast, ap-
proximately 108,779 acres of land, or 1.4 percent of the Project Area, may be
affected in the long term. These disturbances would occur on 23 of the 59 soils
series that exist in the Project Area. Only soils that would be disturbed by the
aternatives will be discussed in this analysis. Together, these soil series make up
approximately 75 percent of the Project Area. Table 4-8 breaks down distur-
bance by sub-watershed and soil type and Table 4-9 lists the disturbance for each
type of hazard.

Wind Erosion Hazard

Wind erosion is a concern with soil series WY 124, WY 126, WY 207, WY 209,
and WY 211 located in central and western Converse County and extending from
south of Gillette to the Montana-Wyoming state line in Campbell County (Figure
4-42). These series al have one or more major constituent that is a fine sand or
sandy loam which can easily be picked up and spread by wind (Appendix F).
Approximately 25,474 acres in the short term and 13,403 acres in the long term
would be disturbed on soils with high wind erosion potential. Construction activi-
ties where vegetation is removed and the soil is exposed and broken up present
the greatest threat to soils with wind erosion potential. These activities include
cut and fills associated with pad and roads, trenching for pipeline burial, excava-
tion for large reservoirs, and clearing for LADs. COAs should be followed to
control wind erosion. Limiting the removal of vegetation, avoiding construction
on steep dopes and erosive areas, revegetation or covering any removed and
stockpiled topsoil, surfacing roads and pads, and timely reclamation would
minimize both short term and long term effects.
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Table4-8 Disturbance by Sub-water shed and Soil Type

Disturbance
Alternative 1 Alternative 2A Alternative 2B
Sub-watershed Soil Type' Short-term Long-term Short-term  Long-term  Short-term  Long-term
Antelope WY125 13 12 13 13 13 13
WY129 10,360 4,287 10,619 4,456 10,511 4,382
WY130 18,203 7,551 18,659 7,848 18,470 7,718
WY206 467 217 478 225 473 221
WY207 307 184 315 191 311 188
WY208 1,056 441 1,082 458 1,071 451
WY209 2,200 933 2,255 969 2,232 953
WY210 783 327 803 340 795 334
Wy211 785 335 804 348 796 342
WY 315 13 12 13 13 13 13
Total 34,185 14,299 35,043 14,861 34,686 14,616
Clear Creek WY048 1,872 990 2,029 1,142 1,917 1,029
WY049 7,417 4,085 8,035 4,712 7,595 4,248
WY 060 5 6 6 7 5 7
WY 063 21 26 23 30 21 27
WYO065 4,226 2,287 4,578 2,638 4,327 2,378
WYO066 2,199 1,154 2,383 1,331 2,252 1,199
WY082 69 36 75 42 70 38
Total 15,810 8585 17,127 9,903 16,189 8,926
Crazy Woman Creek WY048 869 404 996 534 950 487
WY049 4,880 2,326 5,593 3,072 5,334 2,803
WYO050 1,112 510 1,275 673 1,216 614
WY 060 9 10 11 13 10 12
WY 063 5 5 5 7 5 6
WYO065 2,051 943 2,351 1,246 2,242 1,137
WYO066 4 2 5 2 4 2
WY082 5,104 2,418 5,849 3,192 5,578 2,913
WY 087 5 5 5 7 5 6
Total 14,039 6,624 16,089 8,746 15,343 7,981
Dry Fork Cheyenne WY 203 4 4 4 4 4 4
WY 204 33 30 34 30 34 30
WY 205 4 4 4 4 4 4
WY206 21 19 21 19 21 19
WY207 21 19 21 19 21 19
WY208 8 7 8 8 8 8
WY209 54 49 55 50 54 49
WY210 41 37 42 38 42 38
Wy211 17 15 17 15 17 15
Total 203 183 207 187 205 186
Lightning Creek WY 204 37 34 38 34 38 34
WY209 112 101 114 103 113 102
WY210 29 26 30 27 29 27
Wy211 25 22 25 23 25 23
Total 203 183 207 187 205 186
Little Bighorn WY057 21 19 21 19 21 19
Total 21 19 21 19 21 19
Little Missouri WY 002 17 15 17 15 17 15
WYO050 21 19 21 19 21 19
WY 053 352 317 358 324 356 322
Total 389 351 396 358 394 357
Little Powder WY 002 35 34 37 37 36 35
WY 042 9 8 9 9 9 9
WY 043 13 13 14 14 14 13
WY 044 9 8 9 9 9 9
WY 045 75 71 79 78 e 75
WY 046 61 59 65 64 63 61
WY 047 413 394 435 430 424 412
WYO050 4,200 2,681 4,430 2,923 4,318 2,804
WY 053 2,345 2,237 2,473 2,440 2,410 2,341
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Table4-8 Disturbance by Sub-water shed and Soil Type

Disturbance
Alternative 1 Alternative 2A Alternative 2B
Sub-watershed Soil Type' Short-term Long-term Short-term  Long-term  Short-term  Long-term
1,623 885 1,711 965 1,668 926
WY125 5,185 2,190 5,468 2,388 5,331 2,291
WY126 5,770 2,454 6,086 2,676 5,933 2,567
WY127 2,326 1,704 2,453 1,858 2,391 1,782
Total 22,063 12,737 23,268 13,891 22,683 13,325
Middle Fork Powder WY048 8 7 8 8 8 8
WY 059 37 34 38 34 38 34
WY 081 8 7 8 8 8 8
WY 084 12 11 13 11 13 11
WY 085 4 4 4 4 4 4
WY 086 8 7 8 8 8 8
WY 088 21 19 21 19 21 19
Total 99 90 101 91 101 91
Middle North Platte Casper WY 204 8 7 8 8 8 8
WY 205 50 45 51 46 50 46
WY207 21 19 21 19 21 19
WY208 33 30 34 30 34 30
WY209 37 34 38 34 38 34
WY321 8 7 8 8 8 8
Total 157 142 160 145 159 144
Middle Powder WY 046 136 143 149 169 143 157
WY048 12 8 14 10 13 9
WY049 991 526 1,084 620 1,040 576
WY050 2,604 1,261 2,847 1,486 2,734 1,380
WY124 1,312 733 1,434 863 1,377 802
Total 5,055 2,672 5,527 3,148 5,307 2,924
North Fork Powder WY 059 4 4 4 4 4 4
Total 4 4 4 4 4 4
Salt Creek WY050 521 215 542 231 539 230
WY082 339 129 352 138 350 137
WY 085 9 8 9 9 9 9
WY 086 51 48 53 51 53 51
WY208 9 8 9 9 9 9
WY211 13 12 13 13 13 13
WY 315 4 4 4 4 4 4
WY 317 13 12 13 13 13 13
Total 958 435 996 467 990 465
South Fork Powder WY 084 12 11 13 11 13 11
Total 12 11 13 11 13 11
Upper Belle Fourche WY004 562 322 572 328 563 320
WY 053 357 401 364 409 358 399
WY 115 10 11 10 11 10 11
WY126 8,208 4,654 8,355 4,748 8,223 4,630
WY127 1,420 1,194 1,445 1,218 1,422 1,188
WY128 531 287 541 293 532 285
WY129 3,441 1,746 3,503 1,781 3,447 1,737
WY130 13,434 6,913 13,674 7,054 13,458 6,878
Total 27,965 15528 28,464 15,843 28,014 15,449
Upper Cheyenne WY004 14 15 15 16 15 16
WY 115 19 20 20 22 19 21
WY127 19 20 20 22 19 21
WY129 2,628 1,343 2,748 1,449 2,684 1,390
WY130 148 82 154 89 151 85
WY206 34 33 36 36 35 34
Total 2,862 1,515 2,993 1,634 2,923 1,568
Upper Powder River WY048 3,317 1,649 3,812 2,165 3,661 2,012
WY049 4,601 2,236 5,288 2,935 5,078 2,727
WY050 27,222 13,490 31,286 17,710 30,046 16,454
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Table4-8 Disturbance by Sub-water shed and Soil Type

Disturbance
Alternative 1 Alternative 2A Alternative 2B
Sub-watershed Soil Type' Short-term Long-term Short-term  Long-term  Short-term  Long-term
WYO051 684 327 786 429 755 398
WY082 7,515 3,820 8,637 5,015 8,294 4,659
WY124 3,350 1,660 3,850 2,179 3,697 2,024
WY125 9,546 4,714 10,972 6,189 10,537 5,750
WY126 889 429 1,022 564 981 524
WY128 13,269 6,584 15,250 8,644 14,646 8,031
WY130 1,464 742 1,683 975 1,616 905
WY209 19 21 22 28 21 26
WY 315 5 5 5 7 5 6
Total 71,880 35678 82,612 46,839 79,338 43,517
Upper Tongue River WY049 6,663 3,449 7,095 3,861 6,745 3,504
WYO051 374 194 398 217 378 197
WYO055 2,412 1,279 2,569 1,432 2,442 1,299
WY 056 10 12 11 13 10 12
WY 057 10 12 11 13 10 12
WY 060 5 6 5 7 5 6
WY 063 5 6 5 7 5 6
WY064 2,189 1,141 2,331 1,277 2,216 1,159
WYO065 2,036 1,049 2,168 1,174 2,061 1,065
WYO066 2,382 2,597 3,067 3,359 2,412 2,638
Total 16,087 9,744 17,658 11,359 16,284 9,898
Total in Project Area 211,992 108,799 230,886 127,693 222,860 119,667

Note:
1. Italics designated soil types with severe hazards.

Slope Hazards

While the Project Area contains a large range of dopes (Figure 3-6), al wells,
roads and production facilities have been located on gentle to moderate sopes to
minimize construction costs and erosion hazards. This would reduce potential for
water and wind erosion by reducing steep slopes and surface disturbance associ-
ated with large cuts and fills.

The dope ranges and figures used for this analysis are very general and some
wells may be located on more severe slopes than currently shown on Figure 3-6.
Specific facility locations and roadways should be assessed for dope and any
related erosion hazards and soil instabilities. Steep slopes should be avoided
where possible, especialy on soils susceptible to erosion. On gentle to moderate
slopes, soil loss due to wind and water erosion could be effectively controlled by
following the COAs.

Water Erosion Hazards

Woater erosion is a concern with soil series WY 049, WY 050, WY 051, WY 065,
WY066, WY 206, WY 208, WY209, WY210 and WY211 located in eastern
Sheridan County, northern and western Campbell County, throughout Converse
County and in Johnson County along the I-25 corridor to Buffalo, and along the
Powder River (Figure 4-42). These series all have one or more major constitu-
ents that have low permeability and high K-factors, making them susceptible to
water erosion (Appendix F). Approximately 76,691 acres in the short term and
38,452 acres in the long term would be disturbed on soils with a high water ero-
sion potential.
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Table4-9 Disturbance by Sub-water shed and Hazard

Disturbance
Alternative 1 Alternative 2A Alternative 2B
Sub-watershed Hazard Short-term  Long-term  Short-term  Long-term  Short-term  Long-term
Antelope Wind Erosion 3,292 1,452 3,374 1,508 3,339 1,483
Water Erosion 5,291 2,253 5,422 2,340 5,367 2,301
Compaction 30,402 12,606 31,163 13,102 30,847 12,885
Salinity None None None None None None
Poor Revegetation 5611 2449 5750 2544 5691 2502
Prime Agricultural 22,549 9,436 23,114 9,806 22,879 9,644
Clear Creek Wind Erosion None None None None None None
Water Erosion 13,842 7,526 14,996 8,681 14,174 7,825
Compaction 7,486 4,121 8,110 4,754 7,665 4,286
Salinity None None None None None None
Clear Creek Poor Revegetation 13,911 7,562 15,071 8,723 14,244 7,863
Prime Agricultural 15,714 8,516 17,025 9,823 16,091 8,854
Crazy Woman
Creek Wind Erosion None None None None None None
Water Erosion 3,167 1,455 3,631 1,921 3,462 1,753
Compaction 9,984 4,744 11,442 6,264 10,912 5,716
Salinity None None None None None None
Poor Revegetation 12,039 5,689 13,798 7,512 13,158 6,855
Prime Agricultural 7,804 3,675 8,945 4,854 8,530 4,429
Dry Fork Cheyenne Wind Erosion 92 83 93 84 92 83
Water Erosion 141 127 143 130 142 129
Compaction 49 14 50 46 50 46
Salinity None None None None None None
Poor Revegetation 162 146 164 149 163 148
Prime Agricultural 124 112 126 115 125 114
Lightning Creek  Wind Erosion 137 123 139 126 138 125
Water Erosion 166 149 169 153 167 152
Compaction 29 26 30 27 29 27
Salinity None None None None None None
Poor Revegetation 166 149 169 153 167 152
Prime Agricultural 141 127 144 130 142 129
Little Bighorn No Hazards No Hazards NoHazards No HazardsNo Hazards No Hazards No Hazards
Little Missouri Wind Erosion None None None None None None
Water Erosion 21 19 21 19 21 19
Compaction None None None None None None
Salinity None None None None None None
Poor Revegetation 21 19 21 19 21 19
Prime Agricultura None None None None None None
Little Powder Wind Erosion 7,393 3,339 7,797 3,641 7,601 3,493
Little Powder Water Erosion 4,200 2,681 4,430 2,923 4,318 2,804
Compaction 1,623 885 1,711 965 1,668 926
Salinity None None None None None None
Poor Revegetation 7,511 3,894 7,921 4,246 7,722 4,073
Prime Agricultural 6,808 3,075 7,179 3,353 6,999 3,217
Middle Fork Pow-
der Wind Erosion None None None None None None
Water Erosion None None None None None None
Compaction None None None None None None
Salinity None None None None None None
Poor Revegetation None None None None None None
Prime Agricultural 8 7 8 8 8 8
Middle North Platte
Casper Wind Erosion 58 53 59 53 59 53
Water Erosion 70 64 72 64 72 64
Compaction 33 30 34 30 34 30
Salinity None None None None None None
Poor Revegetation 91 83 93 83 93 83
Prime Agricultural 91 83 93 83 93 83
Middle Powder Wind Erosion 1,312 733 1,434 863 1,377 802
Water Erosion 6,219 3,253 6,799 3,832 6,528 3,560
Compaction 2,303 1,259 2,518 1,483 2,417 1,378
Salinity None None None None None None
Poor Revegetation 3,595 1,787 3,931 2,106 3,774 1,956
Prime Agricultural 2,315 1,267 2,532 1,493 2,430 1,387
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Table4-9 Disturbance by Sub-water shed and Hazard

Disturbance
Alternative 1 Alternative 2A Alternative 2B
Sub-watershed Hazard Short-term  Long-term  Short-term  Long-term  Short-term  Long-term
North Fork Powder No Hazards No Hazards No Hazards No HazardsNo Hazards No Hazards No Hazards
Salt Creek Wind Erosion 13 12 13 13 13 13
Water Erosion 543 235 564 253 561 252
Compaction 348 137 361 147 359 146
Salinity None None None None None None
Poor Revegetation 882 364 916 391 911 389
Salt Creek Prime Agricultural 9 8 9 9 9 9
South Fork Powder No Hazards No Hazards No Hazards No HazardsNo Hazards No Hazards No Hazards
Upper Belle
Fourche Wind Erosion 8,208 4,654 8,355 4,748 8,223 4,630
Water Erosion None None None None None None
Compaction 17,406 8,946 17,718 9,128 17,437 8,900
Salinity 562 322 572 328 563 320
Poor Revegetation 1,420 1,194 1,445 1,218 1,422 1,188
Prime Agricultural 22,204 11,889 22,601 12,130 22,244 11,828
Upper Cheyenne  Wind Erosion None None None None None None
Water Erosion 34 33 36 36 35 34
Compaction 2,790 1,440 2,917 1,554 2,850 1,491
Sdlinity 14 15 15 16 15 16
Poor Revegetation 53 53 56 58 54 55
Prime Agricultural 162 97 169 105 166 101
Upper Powder River Wind Erosion 19 21 22 28 21 26
Water Erosion 32,526 16,074 37,382 21,102 35,900 19,605
Compaction 30,883 15,369 35,494 20,177 34,086 18,744
Salinity None None None None None None
Poor Revegetation 48,903 24,281 56,205 31,877 53976 29,616
Prime Agricultural 14,324 7,064 16,463 9,275 15,809 8,616
Upper Tongue RiverWind Erosion None None None None None None
Water Erosion 11,455 7,289 12,728 8,611 11,596 7,404
Compaction 9,226 4,784 9,824 5,355 9,339 4,860
Salinity None None None None None None
Poor Revegetation 11,081 7,095 12,330 8,394 11,218 7,207
Prime Agricultural 16,056 9,709 17,628 11,320 16,254 9,862

Construction and operation activities could potentially increase soil loss due to
water erosion. Removal of vegetation for any activity exposes soils to increased
water erosion. Excavation associated with construction of pads, roads and reser-
voirs could steepen dopes and cause the breakdown of soil aggregates, increasing
runoff and gully formation. Pipeline trenches could change erosion patterns if
soils settle in the backfilled trench after reclamation and form gullies. Compac-
tion of the soilsin pads, roads and reservoirs could decrease infiltration, promot-
ing high runoff. Any water handling method which would release produced water
to the surrounding area could increase water erosion. However, increased water
availability would also increase vegetation, partially mitigating any erosive ef-
fects.
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Figure4-42 | Soilsand Existing and Proposed CBM Weélls
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The Revised Universal Soil Loss Equation (RUSLE) was used to compute soil
loss due to raindrop splash and runoff (USDA 1997). Estimates were calculated
using three conditions: (1) undisturbed (existing rangeland condition); (2) con-
struction (during construction and prior to reclamation); and (3) reclaimed (one
year after reclamation, assuming 40 percent vegetative cover). The assumption of
40 percent vegetative cover one year after reclamation was based on information
used for soil loss calculations on CBM projects in the region (BLM 1999a). In
order to smplify calculations, all factors, except for K, were assumed to be
consistent throughout the Project Area, even though soil loss would be variable
throughout the Project Area. The highest and lowest K factors for the 23 dis-
turbed soils were used to estimate the maximum and minimum soil loss in the
Project Area. For the undisturbed condition, soil loss estimates ranged from 0.1
to 0.6 tons/acrefyear. During construction, soil loss estimates ranged from 3.4 to
18.7 tong/acre/year. One year following reclamation, soil loss estimates ranged
from 0.5 to 2.6 tong/acre/year. These calculations were based on slopes 400 feet
long having a slope gradient of three percent on undisturbed ground.

RUSLE calculations were done to estimate soil loss increases on disturbed land
due to overland flow. Water erosion in drainages downstream from CBM activi-
ties due to runoff the release of produced water could increase but this erosion
cannot be accurately predicted using RUSLE. A more detailed description of ero-
sive effects to drainages is contained in the Surface Drainages section of the Sur-
face Water section.

Soil loss would likely increase substantially in the short-term following distur-
bance until reclamation measures became effective in controlling runoff. In addi-
tion, soil loss during construction would exceed acceptable levels for al of the
disturbed soil series in the Project Area (NRCS Soil Surveys). These potentia
effects point to aneed for adoption of COAs during the life of the project.

Sail loss can be reduced substantialy by avoiding highly erosive areas like bad-
lands, steep-walled drainages, blowout areas and other areas subject to active
headward erosion (BLM 1999c). L ocating roads and pads in areas where cuts and
fills would not be required, surfacing of roads and pads, installing drainage con-
trols, and reseeding and installing water bars across reclaimed areas would also
aid in reducing soil loss. Pipeline trenches should be mounded when backfilled to
prevent soil settling and forming gullies. COAs such as these have resulted in
very little accelerated erosion and a high level of reclamation success on the
Marquiss Project, located south of Gillette (BLM 1999a).

Sedimentation

Sedimentation in streams and rivers in the Project Areais an important result of
soil loss, but can not be adequately estimated simply by calculating soil loss. The
movement of eroded soil materials to drainages can be blocked or facilitated by
relief, climate, vegetation, and bedrock geology. Due to these characteristics,
there is a large difference between soil loss and sediment flow. Sedimentation
would be variable throughout the Project Area, but in general only ten percent of
soil loss would remain in the water flow at the point of exit from the sub-
watersheds (Blatt et d. 1972). The remaining 90 percent would never reach flow-
ing water or be deposited in the streambeds of the watershed. Sedimentation
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deposition could alter water quality and the fluvial characteristics of drainagesin
the Project Area and point to a need for COAs associated with water erosion to
control sedimentation. Water in the drainages should be monitored for high levels
of TDS as well. The Surface Drainages section aso contains information on the
effects of sedimentation on drainages.

Compaction/Shrink-Swell Potential

Compaction is a concern with soil series WY 004, WY 049, WY 051, WY 064,
WYO082, WY124, WY 128, WY129, WY 130, WY208, and WY210 located
throughout Campbell and Converse counties and eastern Sheridan and Johnson
counties (Figure 4-42). These series all have one or more major constituents that
include very compactable clay loams (Appendix F). Approximately
113,998 acres in the short term and 55,829 acres in the long term would be dis-
turbed on compactible soil. Clay grains are extremely small and can be forced so
closely together that few pore spaces remain. Thus, most air and water is pushed
out of the soil and plants roots would be unable to penetrate the soil. Due to the
absence of air and water and the difficulty of root growth, reclamation of a
tightly compacted clay soil can be difficult. Compacted soils also have low per-
meability, and runoff is high, adding to water erosion.

Activity on well pads, production facilities and roads, and storage of water in
reservoirs have the potential to compact soils. COAs would minimize both short
and long-term effects. Pad and road construction, and traffic on highly compac-
table soils should be minimized wherever possible, and soils should be loosened
prior to reseeding during reclamation. COAs to reduce water erosion should be
employed on compactible soils due to the high runoff potential.

Salinity

Only one soil series, WY 004 islisted by the NRCS's Soil Surveys as having high
salinity (Appendix F). Approximately 558 acres in the short term and 312 acres
in the long term would be disturbed on this soil. This statement is misleading, as
the sdinity of soils like most chemical characteristics is highly variable and can
change drastically over afew feet. Any soil in the Project Area can be saline, de-
pending on the quality of nearby surface water, plant species, and drainage char-
acteristics. Decisions on the locations of water disposal facilities that could affect
soil salinity and other chemica levels should be based on these parameters.

Due to the variable nature of produced water and differing characteristics of soils
in the Project Area, water handling options could have significant effects on
soils. Five water handling options are included under Alternative 1: injection;
surface discharge (including infiltration and irrigation); infiltration reservoirs;
containment reservoirs, and LAD. Injection would affect soils in the Project Area
the least, having effects similar to CBM well construction and production activi-
ties. After injection, containment would introduce the least amount of produced
water to the surrounding soils. These reservoirs should be lined or compacted to
prevent produced water from inundating the soils below. Due to the large size of
the reservoirs, compaction is the most reasonable method to reduce infiltration.
Locating containment reservoirs on compactable soils where infiltration would
be ten percent or less would also help to reduce effects on soils. Of course, soils
below these reservoirs would be affected by this compaction and infiltration.
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COAs should be followed during construction of reservoirs to prevent erosion.
Even with COAs, reclamation would be very difficult based on sheer size of the
area, amount of soil moved, the concentrated compaction below the reservair,
and the material remaining after the produced water has evaporated.

Surface discharge (including infiltration and irrigation), infiltration reservoirs and
LAD would introduce the most produced water to the surrounding soils. Due to
the deleterious effect of high SAR water on soil productivity and reclamation
potential, care should be taken that produced water is not discharged near or ap-
plied to highly saline soils. The sodium capacity of each soil should be known,
application should be halted when that capacity is reached, and the soil should be
reclaimed. Halting the application of produced water to reclaim the soil would be
much more difficult in the reservoirs then under LAD or surface discharge. Gen-
eral Guidance for Land Application of CBM Produced Water should be followed
to mitigate effectsto soils (Appendix F).

Suitability for irrigation is dependent upon interaction of soil types, SAR values,
salinity values, and crops grown. The decision to use produced water for irriga-
tion should be made on a site-by-site basis.

Undesired consequences could also occur should produced water from CBM
wells be discharged at points within closed basins. Water discharged within a
closed basin would drain to the low point of the basin or playa. The sustained
release of produced water from CBM wells could accumulate in closed basins as
water is evaporated leaving its dissolved minerals, like sodium, behind as solids.
Also, regardless of the salinity levelsin the inflows and playa soils, the long-term
ponding of playa bottoms would alter the normally dry soil/playa bottom condi-
tions and would result in changes in soil conditions (BLM 1999c).

The development of saline and wet soil conditions could be minimized by avoid-
ing discharge in or upstream from areas where water could become concentrated
in the soils or where soils are dready saline. Even with these practices, water
quality and soils in the Project Area should be monitored for high salinity and
SAR levels.

Effects similar to those described in closed basins could occur in infiltration res-
ervoirs. Avoiding constructing infiltration reservoirs on highly saline areas would
reduce the effects to soils. Locating reservoirs on area where water could easily
move through the soils, such as soils with low potential for compaction, high
permeability and porous bedrock would reduce the potential for saturation of the
soil.

Reclamation of saline soils can be difficult and no method that worksin all situa-
tions has yet been found. Possible methods include raising salt-resistant crops,
and repeatedly flooding the affected area with low SAR water. The success of
these methods would depend on soils types, salinity values, and drainage charac-
teristics of the area.

4-97 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Poor Revegetation Potential

Poor revegetation potential is a concern with soil series WY 049, WY 050,
WYO065, WYO066, WY082, WY125 WY127, WY206, WY207, WY208,
WY 209, WY 210, and WY 211 located in northern Campbell County, throughout
Converse County, east of Interstate-25 in Sheridan County, and in Johnson
County aong the Interstate-25 corridor to Buffalo, and along the Powder River
(Figure 4—42). These series all have capability classes indicating that the soil
would respond poorly to reclamation (Appendix F). About 108,292 acres in the
long term and 55,139 acres in the short term would be disturbed on soils with
poor revegetation potential.

All previously discussed hazards have a potential effect on revegetation potential.
Thus, COAs associated with all other categories in this section would aid in rec-
lamation. Mixing of soil materials during excavation or compaction, especialy in
soil series listed above, where one or two dominant soils have poor revegetation
potential, could have an effect on reclamation and future productivity. The COAs
do not mention avoiding soil mixing, but this mitigation measure is recom-
mended by numerous soil surveys in the area. WY 206 and WY 211 should be
avoided in areas where the soil is shallow or on steep slopes as all three mgjor
soil typesin these series have poor revegetation potential.

Prime Agricultural Soils

Prime agricultural soils are found in soil series WY004, WY 048, WY 049,
WYO051, WYO055, WYO064, WYO065 WY066, WY124, WY126, WY 130,
WY 207, WY208, WY209, and WY 210 located in centrad Campbell County,
throughout Converse and Sheridan Counties, in Johnson County along the Inter-
state-25 corridor, and along the Powder River (Figure 4-42). These series al
have one or more major constituents identified by the Wyoming state office of
the Natural Resources Conservation Service as Prime Agricultural Soils (Appen-
dix F). About 106,068 acres in the short term and 52,414 acres in the long term
would be disturbed on Prime Agricultural soils.

All previously discussed hazards have a potential effect on soil productivity.
Thus, COAs associated with all other categories in this section would aid in rec-
lamation. Mixing of soils that are not prime agricultural soils with prime agricul-
tural soils during excavation or compaction could have an effect on reclamation
and future productivity.

Alternative 2

Alternative 2A

Under this alternative, 230,886 total acres of disturbance would occur in the short
term and 127,693 acres in the long term. This is an increase in area of about
18,894 acres from Alternative 1, which can be entirely attributed to a change in
water handling methods. Table 4-8 and Table 4-9 show disturbances for each
soil and hazard type under this aternative.
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Alternative 2A emphasizes the use of infiltration impoundments to dispose of
CBM produced water. Surface discharge (and all associated treatments) would be
decreased and LAD and containment reservoirs would be increased. The increase
in disturbed acreage would correspond to not only arise in soil loss, but a change
in the type of disturbance aswell.

Per acre, reservoirs require much more construction than surface discharge due to
the amount of excavation. Reservoirs also cause much deeper soil disturbance,
increasing the chance for mixing of soils layers. Based on the amount of excava-
tion and the depth of disturbance, construction of reservoirs would lead to greater
stockpiles of soils, increasing the chance for wind and water erosion. A greater
number of reservoirs would al so increase compaction of the soils due to construc-
tion and the weight of the water. Because water discharge to natural drainages
would have a much higher infiltration rate than the infiltration and containment
reservoirs, actua infiltration of produced water would be decreased under Alter-
native 2A. Effects to soils downstream from Project Area would probably be re-
duced under areduction in surface discharge. Increased LAD would increase the
amount of infiltration, but this increase would be offset by decrease in surface
discharge. In al, Alternative 2A would reduce surface discharge and infiltration,
but would increase the potential for wind and water erosion, soil mixing, and
compaction.

Alternative 2B

Under this alternative, 222,860 total acres of disturbance would occur in the short
term and 119,667 acresin the long term. Thisis a decrease in area by 8,026 acres
from Alternative 2A, and an increase in area of 10,868 acres from Alternative 1,
which can be entirely attributed to a change in water handling methods. Table 4—
8 and Table 4-9 show disturbances for each soil and hazard type under this alter-
native.

The decrease in total disturbed acreage from Alternative 2A is due to the increase
in surface discharge (and al associated treatments) and the decrease in infiltra-
tion and containment impoundments. Like Alternative 2A, Alternative 2B em-
ploys greater infiltration impoundments and LAD with less surface discharge
than Alternative 1.

Differencesin disturbance from Alternative 1 be would similar to those described
in Alternative 2A, except on a smaller scale. Due to the increase in surface dis-
charge and decrease in containment and infiltration reservoirs, infiltration would
increase, but the potential for wind and water erosion, soil mixing, and compac-
tion would decrease from Alternative 2A to Alternative 2B.

Alternative 3

The No Action Alternative would not authorize additional natural gas develop-
ment of federal leases within the Project Area. No wells on federal minerals
would be drilled, but facilities associated with fee and state wells could be built
on federal surface. Wells on private and state leases would probably be drilled.
Under this alternative, 90,807 total acres of disturbance would occur in the short
term and 45,057 in the long term. This would correspond to a decrease in distur-
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bance and soil loss. Water handling methods would be proportionate to Alterna-
tive 1.

Cumulative Effects

Alternative 1

By the end of 2001, approximately 12,077 CBM wells would have been drilled in
the Project Area (Figure 4-42). Assuming one third of these wells would still be
under construction, these wells and their associated facilities would disturb an
estimated 12,372 acres in the short term and 14,936 acres in the long term. As
much as 17,600 acres may be affected by future non-CBM well development in
the long run and 14,432 acres in the short term.

Due to the widespread nature of CBM development, concentrated impacts on
soils are not likely, except at reservoirs, LAD sites, and pipeline routes. Other
resources in the Project Area could be affected by the changes in soils as well.
The large amounts of disturbed and stockpiled soils at reservoirs and LAD sites
could affect air quality in the area due to wind erosion. Additional wildlife and
cattle usage around reservoirs would further disturb soils through increased traf-
fic and loss of vegetation cover. If trenches were allowed to gully, long pipelines
could change drainage patterns in the sub-watersheds. Sedimentation from water
erosion could change water quality and fluvial characteristics of streams and riv-
ers in the sub-watersheds of the Project Area. Since disturbed soils with a con-
ductivity of 16 mmhos/cm could release as much as 0.8 tons/acrefyear of sodium,
SAR of water in the sub-watersheds could be dtered by saline soils (BLM 1999).
Sails in floodplains and streambeds may also be affected by high SAR and TDS
produced water. Methane migration could affect soils by driving oxygen out and
producing toxic levels of sulfur, both of which could reduce the productivity in
the soil.

In addition to oil and gas activities, uranium, coal, sand, gravel and scoria mining
occur within the Project Area. In 20 years, the long-term surface disturbances
associated with reasonably foreseeable mineral and energy resource projects may
be 165,000 acres or about two percent of the Project Area. Construction activi-
ties, such as excavation, compaction, and soil mixing, related to mining would
affect soilsin much the same way as activities related to CBM activities.

Due to the potential effects on prime agricultural soils and water quality in the
project area, impacts to agriculture could occur. CBM facilities should be located
with agricultural concernsin mind, and TDS and SAR should be monitored, es-
pecially in water used for irrigation, livestock, and human consumption.

Disturbance related to urban and residential acres and recreational activities may
increase due to increased CBM activity. Recreational activities, like hunting and
off-roading, could increase due to the proliferation of roads from CBM develop-
ment. While urban and residential development would likely follow COAs for
mitigation of effects to soils, recreationists may not. Traffic on CBM roads
should be monitored to insure that unnecessary impacts to soils do not occur.
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Alternative 2A

The cumulative impacts of Alternative 2A are not expected to vary from those
described for Alternative 1.

Alternative 2B

The cumulative impacts of Alternative 2B are not expected to vary from those
described for Alternative 1.

Alternative 3

Due to the decreased amount of CBM activity under Alternative 3, al cumulative
impacts described for Alternative 1 are expected to decrease, except those related
to mineral and energy resource projects.

Air Quality and Climate

No significant, adverse impacts to climate are anticipated from implementation
of any development alternative. Potential impacts to air quality were analyzed as
described below.

Issues, Impact Types, and Criteria

Fugitive dust and exhaust from construction activities, along with air pollutants
emitted during operation (i.e., well operations, injection well and pipeline com-
pressor engines, etc.), are potential causes of unacceptable decreases in air qual-
ity. These issues are more likely to generate public concern where natural gas
development activities occur near residential areas. The Crow Tribal Council and
the Federal Land Managers (FLMs) have expressed concerns regarding potentia
visibility and atmospheric deposition (acid rain) impacts within distant down-
wind PSD Class | and PSD Class Il areas in Wyoming, Montana, southeastern
North Dakota, eastern South Dakota, and northwestern Nebraska.

Potential air quality impacts from potential development were analyzed and re-
ported in the sections on Alternative 1 (Proposed Action) and Cumulative Im-
pacts. This analysis was prepared solely under the requirements of NEPA to as-
sess and disclose reasonably foreseeable impacts to both the public and the Bu-
reau decision maker before a Record of Decision is issued. Due to the prelimi-
nary nature of this NEPA analysis, it should be considered a “reasonable, but
conservative” upper estimate of predicted impacts. Actua impacts at the time of
development (subject to air pollutant emission source permitting) are likely to be
less.

The air quality impact assessment was based on the best available engineering
data and assumptions, meteorology data, and dispersion modeling procedures, as
well as professional and scientific judgment. However, where specific data or
procedures were not available, “reasonable, but conservative’” assumptions were
incorporated. For example, the Alternative 1 air quality impact assessment as-
sumed that all CBM wells would go into production (no dry holes), then operate
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at full production levels (no shut-ins) for about seven years, with an overall 20-
year life of project (LOP).

Potential direct, indirect and cumulative air quality impacts were analyzed to
predict maximum potential near-field ambient air pollutant concentrations and
potential hazardous air pollutant (HAP) impacts, as well as to determine maxi-
mum far-field ambient air pollutant concentrations, visibility and atmospheric
deposition (acid rain) impacts.

Air pollution impacts are limited by state, tribal and Federal regulations, stan-
dards, and implementation plans established under the Clean Air Act and admin-
istered by the applicable air quality regulatory agency (including the Wyoming
Department of Environmental Quality - Air Quality Division (WDEQ-AQD) or
the EPA). Although not applicable to the development aternatives, the Depart-
ments of Environmental Quality for Montana, South Dakota, and Nebraska have
similar jurisdiction over potentia air pollutant emission sources in their respec-
tive States, which can have a cumulative impact with WDEQ-AQD approved
sources. Air quality regulations require proposed new, or modified existing, air
pollutant emission sources (including gas compression facilities) undergo a per-
mitting review before their construction can begin. Therefore, the applicable air
quality regulatory agencies have the primary authority and responsibility to re-
view permit applications and to require emission permits, fees and control de-
vices, prior to construction and/or operation. The U.S. Congress (through the
Clean Air Act Section 116) also authorized local, state and tribal air quality regu-
latory agencies to establish air pollution control requirements more (but not less)
stringent than Federal requirements. Additional site-specific air quality analysis
would be performed, and additional emission control measures (including a
BACT analysis and determination) may be required by the applicable air quality
regulatory agencies to ensure protection of air quality resources.

In addition, under FLPMA and the Clean Air Act, BLM cannot authorize any
activity that does not conform to all applicable local, state, tribal and Federal air
quality laws, statues, regulations, standards, and implementation plans. An exten-
sive air quality impact assessment technical support document was prepared to
analyze potential impacts from the development alternatives, as well as other rea-
sonably foreseeable emission sources, and is available for review (Argonne
2001).

The significance criteria for potential air quality impacts include state, tribal and
federally enforced legal requirements to ensure air pollutant concentrations will
remain within specific allowable levels. These requirements include the National
and Wyoming Ambient Air Quality Standards which set maximum limits for
several air pollutants, and PSD increments which limit the incremental increase
of certain air pollutants (including NO,, PM 4, SO,) above legally defined base-
line concentration levels. These legal limits are presented in Table 3-13.

Where legal limits have not been established, the BLM uses the best available
scientific information to identify thresholds of significant adverse impacts.
Thresholds have been identified for HAP exposure, incremental cancer risks, a
“just noticeable change” in potential visibility impacts, and potential atmospheric
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deposition impacts to sensitive lake water chemistry. Specific threshold levels are
described under Alternative 1 (Proposed Action) and under Cumulative |mpacts.

Impacts Common to All Alternatives

Air quality impacts would occur during construction (due to potential surface
disturbance by earth-moving equipment, vehicle traffic fugitive dust, well testing,
and drilling rig and vehicle engine exhaust) and production (including non-CBM
well production equipment, booster and reciprocating pipeline compression en-
gine exhausts). The amount of air pollutant emissions during construction would
be controlled by watering disturbed soils, and by air pollutant emission limita-
tions imposed by applicable air quality regulatory agencies. Actual air quality
impacts depend on the amount, duration, location and emission characteristics of
potential emissions sources, as well as meteorological conditions (wind speed
and direction, precipitation, relative humidity, etc.).

Alternative 1

Significant air quality impacts would not occur under this Alternative. No viola
tions of applicable state, tribal or Federal air quality regulations or standards are
expected to occur as a result of direct, indirect, or cumulative CBM and non-
CBM development-related air pollutant emissions (including construction and
operation).

Air pollutant dispersion modeling was performed to quantify potential “reason-
able, but conservative” PM, and SO, impacts during construction based on the
individual pollutant’s period of maximum potential emissions. The EPA
CALPUFF dispersion model was used with meteorological data generated by the
MM4 (mesoscale model) and CALMET models. These meteorology data were
combined with air pollutant emission values to predict maximum potential con-
centrations in the vicinity of assumed well and compressor engine emission
sources for comparison with applicable air quality standards and PSD Class |1
increments (Argonne 2001).

Construction emissions would occur during potential road and well pad construc-
tion, well drilling, and well completion testing. During well completion testing,
natural gas may be vented. Since the burned natural gasis“sweet” (does not con-
tain sulfur compounds), no objectionable odors are likely to occur.

Maximum potential near-field particulate matter emissions from traffic on un-
paved roads and during well pad construction were used to predict the maximum
24-hour and annual average PM i concentrations. Maximum air pollutant emis-
sions from each well would be temporary (i.e., occurring during a short construc-
tion period) and would occur in isolation, without significantly interacting with
adjacent well locations. Particulate matter emissions from well pad and resource
road construction would be minimized by application of water. The control effi-
ciency of the dust suppression was computed at 50 percent during construction.

The maximum potential particulate matter concentrations at least 650 feet
(200 m) from road and 0.5 miles (805 m) from well emission sources (including
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representative background values) would be nearly 55 pg/m® (24-hour PMyp),
well below the 24-hour PMy, NAAQS of 150 pg/m®. In addition, predicted par-
ticulate matter concentrations would decrease rapidly beyond 200 m from the
emission source. Since these PM 4 construction emissions would be temporary,
PSD increments are not applicable.

The predicted maximum 24-hour concentrations over-estimate actual expected
PM o concentrations because the maximum modeled concentrations from the
proposed activities are assumed to coincide with the maximum measured back-
ground concentrations. However, the meteorological conditions that lead to both
situations would be very different, and are not likely to occur at the same location
and the sametime.

The maximum short-term (3- and 24-hour) SO, emissions would be generated by
drilling rigs and other diesel engines used during rig-up, drilling, and completion
operations (sulfur is a trace element in diesel fuel). These SO, emissions would
be temporary, occurring only during the temporary construction period at each
well location. The maximum modeled concentrations (including representative
background values of 8 ug/m°) would be nearly 18 ug/m® (3-hour) and 12.5
pg/m? (24-hour).

Therefore, predicted short-term SO, concentrations would be below the 3-hour
SO, National and Wyoming Ambient Air Quality Standards of 1,300 pg/m® (3-
hour), as well as the Wyoming SO, Ambient Air Quality Standard of 260 pg/m?
(24-hour). Since these SO, construction emissions would be temporary, PSD in-
crements are not applicable.

Air pollutant dispersion modeling was also performed to quantify potential “rea-
sonable, but conservative” CO, NO, and HAP impacts during operation, based on
the period of maximum potential emissions and other emission sources located in
the Project Area (including Alternative 1 and other reasonably foreseeable
sources.) Operation emissions (primarily CO and NO,) would occur due to in-
creased compression requirements, including booster and reciprocating pipeline
compressor stations. It is anticipated additional field-wide compression would be
approximately 800,000 hp (at more than 250 new compressor station locations).
Since produced natural gas is nearly pure methane and ethane, with little or no
liquid hydrocarbons, no significant direct VOC emissions would occur due to
well operations.

The maximum direct CO impacts during operation were predicted to be nearly
855 pg/m® (1-hour) and 796 ug/m® (8-hour). When these values are added to the
assumed background concentrations of 3,500 pug/m® and 1,500 pg/m®, respec-
tively, they become 4354 ug/m* (1-hour) and 2295 pg/m® (8-hour), demonstrat-
ing compliance with both the Wyoming and NAAQS of 40,000 ug/m® (1-hour)
and 10,000 pug/m® (8-hour).

Maximum direct NO, impacts during operations were predicted based on as-
sumed oxides of nitrogen (NO,) emissions from reasonably foreseeable CBM
recovery wells, and booster and reciprocating pipeline compressor engines. A
NO, emissionsrate of 1.5 g/hp-hr was used. Compressor engines recently permit-
ted by the WDEQ-AQD have an average potential NO, emission rate of 1.0 g/hp-
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hr. The maximum potential near-field NO, concentrations were determined by
multiplying maximum predicted NO, concentrations by 0.75, in accordance with
standard EPA methodology (40 CFR 51, Appendix W, Section 6.2.3).

The maximum predicted direct annual NO, impact was 14.2 ug/m®, which is
nearly 57 percent of the applicable annual PSD Class I increment of 25 pg/m®.
When this value is added to the assumed representative background concentra-
tion (16.5 pg/m’), the resulting predicted maximum total impact of 30.7 pg/m® is
also well below the applicable NO, NAAQS of 100 pg/m? (annual).

As stated previously, al NEPA anaysis comparisons to the PSD Class Il incre-
ments are intended to evaluate a threshold of concern, and do not represent a
regulatory PSD Increment Consumption Analysis.

Maximum HAP (formaldehyde) impacts were predicted for the booster and re-
ciprocating pipeline compressor engines. Since neither the WDEQ-AQD nor
EPA have established HAP standards, predicted 8-hour HAP concentrations were
compared to a range of 8-hour state maximum Acceptable Ambient Concentra-
tion Levels (AACL; EPA 1997a). The maximum predicted cumulative 8-hour
formaldehyde impact was 11.5 ug/m®, which is within the range of states
AACLs of 4.5 pg/m® (Pinnellas County Air Pollution Control Board, Florida) to
71 pg/m® (State of Nevada, Division of Environmental Protection, Air Quality
Contral). The maximum formaldehyde concentration was predicted to occur at
320 m (less then 1/4 mile) adjacent to a compressor station; as the distance from
the emission source increases, the predicted concentrations decrease rapidly.

Long-term (70-year) exposures from suspected carcinogenic emissions (e.g.,
formaldehyde) were used to estimate the minimum distance for residential in-
cremental cancer risk exposure below acceptable thresholds. These were calcu-
lated based on EPA (1997b) unit risk factors for carcinogenic constituents. Two
estimates of cancer risk were made; one that corresponds to a most likely expo-
sure (MLE) condition, and one reflective of the maximally exposed individua
(MEI). The estimated cancer risks were adjusted to account for duration of expo-
sure and time spent at home.

Under the MLE scenario, the estimated distance from the largest compressor en-
gine to experience an incremental cancer risk below the 1 x 10° to 100 x 10°®
threshold (associated with long-term exposure to formaldehyde) would be 350
meters. Under the MEI analysis, the estimated distance would be 400 meters.
Therefore, the predicted incremental cancer risks for the inhalation pathway al
fall below the 1 x 10°® to 100 x 10°® threshold range beyond 400 meters from the
largest compressor engine. This distance would be even further for smaller com-
pressors. Given the conservative nature of these analyses, the predicted exposures
are likely to overstate actual exposures, and the potential incremental cancer risks
would not be significant.

When reviewing the predicted near-field development alternative impacts, it is
important to understand the “reasonable, but conservative” assumptions made
regarding potential resource development. In developing this analysis, there is
uncertainty regarding ultimate development (i.e., number of wells, equipment to
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be used, specific locations). The analysis was also based on a reasonably foresee-
able development scenario, including several conservative assumptions:

» Maximum assumed background air pollutant concentrations were assumed to
occur throughout the LOP at al locations in the region, even though monitor-
ing is primarily conducted in urban or industrial areas, rather than the rela-
tively clean rural areas. In addition, the maximum predicted air quality im-
pacts would occur only in the vicinity of the anticipated emission sources.
Actua impacts would be less further away from the predicted points of
maximum.

» All emission sources were assumed to operate at their reasonably foreseeable
maximum emission rates simultaneously throughout the LOP. Given the
number of sources included in this analysis, the co-probability of such a sce-
nario actualy occurring over an entire year (or even 24-hours) is small.
While this assumption is typically used in modeling analyses, the resulting
predicted impacts will be overstated.

» All proposed natural gas wells were assumed to be fully operational (no dry
holes), and remain operating (no shut ins) for about 7 years, with an overall
20-year LOP.

» The total proposed booster and reciprocating pipeline compression engines
(nearly 800,000 hp) were assumed to operate at their rated capacities con-
tinuously throughout the LOP (no phased increases or reductions). In redlity,
compression equipment would be added or removed incrementally as re-
quired by the well field operation, compressor engines would operate below
full horsepower ratings, and it is unlikely all compressor stations would op-
erate at maximum levels simultaneoudly.

» Total predicted short-term air pollutant impact concentrations were assumed
to be the sum of the assumed maximum background concentration, plus the
predicted maximum cumulative modeled concentrations, which actually oc-
cur under very different meteorological conditions and are not likely to coin-
cide.

» The HAP analyses assumed all equipment would operate simultaneously at
the maximum emission levels continuously throughout the overall 20 year
LOP.

Given these numerous “reasonable, but conservative” analysis assumptions,
which may actually compound one another, the predicted impacts represent an
upper estimate of potential air quality impacts which are unlikely to actually be
reached. However, even applying these “reasonable, but conservative’ analysis
assumptions, predicted impacts are below applicable regulatory limits, and the
scientific evidence is not compelling that reasonably foreseeable significant ad-
verse impacts would occur.

It isimportant to note that before actual development could occur, the applicable
air quality regulatory agencies (including the state, tribe or EPA) would review
specific air pollutant emissions pre-construction permit applications that examine
source-specific air quality impacts. As part of these permits (depending on source
size), the air quality regulatory agencies could require additional air quality im-
pacts analyses or mitigation measures. Thus, before development occurs, addi-
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tional site-specific air quality analyses would be performed to ensure protection
of air quality.

Alternatives 2A and 2B

Significant air quality impacts would not occur under this Alternative. Potential
air quality impacts would be less than those described under Alternative 1 (Pro-
posed Action) above.

Alternative 3

Significant air quality impacts would not occur under this Alternative. Potential
air quality impacts would be less than those described under Alternative 1 (Pro-
posed Action) above.

Impacts from Temporary Generation

The exact number of temporary natural gas and diesel generators for compressor
stations cannot be predicted, but at any one time there may be as many as 400
portable diesel generators and 70 portable gas generators operating. Typica
emission factors for these generators are shown on Table 4-10. Table 4-11
shows the potential ground-level concentrations resulting from operation of these
temporary generators.

Table4-10 Emission factorsfor Temporary Generation

. ______________________________________________________________________________________________________________________|]
Emission Factor Range

Pollutant (g/hp-hr)
NOy 0.7-15
PM o 0.03-.07
SO, 0.002
CO 03-20
VOC 05-1.0
HCHO 0.05-0.2

Table4-11 Near-Field Concentrationsfrom a Single Temporary

Generator
______________________________________________________________________________________________________________|

Averaging Concentration Range WAAQS

Pollutant Time (ng/m?) (ng/m?)
NO, Annua 19-75 100
SO, Annual 0.007 -0.013 60
24 hour 0.09-0.3 260

3 hour 0.2-04 1300

PM 1o/PM 5 Annua 0.1-04 15
24 hour 15-53 65

CO 8 hour 33.2-2429 10,000
1 hour 55.3-403.1 40,000
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Cumulative Impacts

Based on a separate assessment predicting potential far-field (cumulative) air
quality impacts (Argonne 2001), the EPA CALMET/CALPUFF dispersion
model was used to predict maximum potential air quality impacts at downwind
mandatory Federal PSD Class | areas, and other “sengitive receptors,” to: 1) de-
termine if the PSD Class | NO, increment might be exceeded; 2) calculate poten-
tial nitrate and sulfate atmospheric deposition (and their related impacts) in sensi-
tive lakes; and 3) predict potential impacts to visibility (regional haze).

Meteorological information was assembled to characterize atmospheric transport
and dispersion from several data sources, including:

» 20 km gridded MM4 (mesoscale model) values with continuous four-
dimensional data assimilation.

» Hourly surface observations (wind speed, wind direction, temperature,
cloud cover, ceiling height, surface pressure, relative humidity, and pre-
Cipitation).

» Twice-daily upper air vertical profiles (wind speed, wind direction,
temperature and pressure).

» PRISM adjusted hourly precipitation measurements.

Potential “reasonable, but conservative” air pollutant emissions from Alternative
1 (Proposed Action) sources were combined with other reasonably foreseeable
facilities to determine the total potential cumulative air quality impacts. These
other “reasonably foreseeable” facilities included development associated with:
1) approximately 458 emission sources permitted by the WDEQ-AQD; 2) ap-
proximately 34 emission sources permitted by the MTDEQ-AWM; and 3) ap-
proximately 13 emission sources permitted within the states of North Dakota,
South Dakota and Nebraska.

As described under Alternative 1 above, potential NO, emissions from reasona-
bly foreseeable booster and reciprocating compressor stations, and SO, emissions
from construction equipment, were anayzed to predict potential impacts at 16
PSD Class | areas located in Wyoming, Montana, North and South Dakota (Ar-
gonne 2001). Table 4-12 presents the maximum modeled concentration at the
specified PSD Class | Area; other PSD Class | areas had lower predicted impacts.
Therefore, al potential direct cumulative NO, and SO, impacts would be at or
below applicable PSD Class | increments.

Table4-12 Maximum Predicted PSD Class | Area Cumulative Impacts
(in ug/m®) - Alternative 1

Maximum Modeled Class|
Pollutant/Averaging Period Class| Area Concentration Increment
Nitrogen dioxide - Annua Wind Cave NP 0.5 25
Sulfur dioxide - Annual Wind Cave 0.13 2
Sulfur dioxide - 24-hour N. Cheyenne Res. 1.38 5
Sulfur dioxide - 3-hour N. Cheyenne Res. 3.69 25
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It should be noted that this comparison is not a complete PSD Increment Con-
sumption Analysis, but an assessment indicating that the increment would not be
exceeded by the cumulative emission sources. Many of the potential air pollutant
emission sources were analyzed at their maximum permitted levels; actual emis-
sions and their related air quality impacts are typically less. At the time of a pre-
construction air quality permit application, the applicable air quality regulatory
agencies may require a much more detailed PSD Increment Consumption Analy-
Sis.

Several lakes within four FS designated wilderness areas were identified as being
sensitive to atmospheric deposition and for which the most recent and complete
data have been collected. The FS has also identified the following “Limit of Ac-
ceptable Change” regarding potential changes in lake chemistry: no more than a
10 percent change in acid neutralizing capacity (ANC) for those water bodies
where the existing ANC is at or above 25 microequivalents per liter (peg/l) and
no more than a 1 peg/l change for those extremely sensitive water bodies where
the existing ANC is below 25 peg/l. Based on a Rocky Mountain Region FS
screening method (FS 2000), Table 4-13 demonstrates that potential impacts to
sensitive lakes would be below applicable significance thresholds from the Alter-
native 1 emission sources. No sensitive lakes were identified by either the NPS or
USFWS.

Table 4-13 Predicted Total Cumulative Changein Acid Neutralizing
Capacity at Sensitive Area L akes (percent change)

BasdineANC Area  Change Thresholds

Sensitive Area Lake (ueg/L)  (hectares) (percent) (percent)
Bridger Wilderness Area Black Joe Lake 69.0 890 0.8 10
Deep Lake 61.0 205 0.9 10
Hobbs Lake 68.0 293 0.3 10
Cloud Peak Wilderness Area Emerald Lake 55.3 293 4.1 10
Florence Lake 32.7 417 7.8 10
Fitzpatrick Wilderness Area  Ross Lake 61.4 4,455 0.4 10
|

Since the development aternative and cumulative air pollutant emission sources
constitute many small sources spread out over a very large area, discrete visible
plumes are not likely to affect the mandatory Federal PSD Class | areas, but the
potential for cumulative visibility impacts (increased regional haze) is a concern.
Regional haze degradation is caused by fine particles and gases scattering and
absorbing light. Potential changes to regional haze are calculated in terms of a
perceptible “just noticeable change” (1.0 deciview) in visibility when compared
to background conditions.

A 1.0 deciview change is considered a small but noticeable change in haziness as
described in the Preamble to the EPA Regional Haze Regulations (64 FR 35725,
I11.C.). A 1.0 deciview change is defined as about a 10 percent change in the ex-
tinction coefficient (corresponding to a 2 to 5 percent change in contrast, for a
“black target” against a clear sky, at the most optically sensitive distance from an
observer), which is a small but noticeable change in haziness under most circum-
stances when viewing scenes in mandatory Federal Class| areas.
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It should be noted that a 1.0 deciview change is not a*“just noticeable change” in
all cases for all scenes. Vishility changes less than 1.0 deciview are likely to be
perceptible in some cases, especially where the scene being viewed is highly sen-
sitive to small amounts of pollution, such as due to preferential forward light
scattering. Under other view-specific conditions, such as where the sight path to a
scenic feature is less than the maximum visual range, a change greater than 1.0
deciview might be required to be a“just noticeable change.”

However, this NEPA analysis is not designed to predict specific visibility im-
pacts for specific views in specific mandatory Federal PSD Class | areas based
on specific project designs, but to characterize reasonably foreseeable visibility
conditions that are representative of a fairly broad geographic region, based on
“reasonable, but conservative” emission source assumptions. This approach is
consistent with both the nature of regiona haze and the requirements of NEPA.
At the time of a pre-construction air quality PSD permit application, the applica-
ble air quality regulatory agency may require a much more detailed visibility im-
pact analysis. Factors such as the magnitude of deciview change, frequency, time
of the year, and the meteorological conditions during times when predicted visi-
bility impacts are above the 1.0 deciview threshold (as well as inherent conserva-
tism in the modeling analyses) should all be considered when assessing the sig-
nificance of predicted impacts.

The FS, NPS and USFWS have published their “Final FLAG Phase | Report”
(Federal Register, Vol. 66 No. 2, dated January 3, 2001), providing “a consistent
and predictable process for assessing the impacts of new and existing sources on
AQRVS' including visibility. For example, the FLAG report states “A cumula
tive effects analysis of new growth (defined as al PSD increment-consuming
sources) on visibility impairment should be performed,” and further, “If the visi-
bility impairment from the proposed action, in combination with cumulative new
source growth, isless than a change in extinction of 10 percent [1.0 deciview] for
all time periods, the FLMs will not likely object to the proposed action.” In addi-
tion, the FLAG procedures were also applied using WDEQ-AQD provided back-
ground extinction values.

Although the FLAG procedures were primarily designed to provide analysis
guidance to Clean Air Act PSD permit applicants, Table 4-14 uses the “Fina
FLAG Phase | Report” procedures for this NEPA anaysis.

Table4-14 Predicted Visibility Impactsin PSD Class| Areasfrom
Cumulative Sources— FLAG Method (Number of Days
Predicted to Equal or Exceed a 1.0 Deciview “Just Noticeable

Change”)
|
Class| Area Alternative 1 Alternative 2A  Alternative 2B Alternative 3
Badlands National Park 3 3 3 2
Bridger Wilderness Area 0 0 0 0
Fitzpatrick Wilderness Area 0 0 0 0
N. Absaroka Wilderness Area 1 0 0 0
N. Cheyenne Reservation 10 10 9 6
Washakie Wilderness Area 1 1 1 0
Wind Cave National Park 4 3 3 2
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Based on multiple iterations of the non-steady state CALPUFF dispersion model-
ing system, including the CALMET meteorological model, for five different de-
velopment alternatives, potential visibility impairment of 1.0 dV or greater
ranged from none to ten days. In addition, the air quality impact assessment also
analyzed potentia visibility (regional haze) impacts at nine PSD Class |l areas
not subject to the Clean Air Act visibility protection regulations.

If visibility impacts are predicted to equal or exceed 1.0 deciview at any PSD
Class | area based on the FLAG/WYO anaysis, then a daily impact analysis
based on monitored optical and relative humidity conditions should be per-
formed.

Since the 1.0 deciview threshold was predicted to be reached at Northern Chey-
enne Reservation based on the FLAG analysis methodology, the maximum mod-
eled impacts to that area were compared to representative measured optical and
relative humidity values on adaily basis.

When reviewing the predicted cumulative impacts, it is important to understand
the “reasonable, but conservative” assumptions made regarding potentia re-
source development. In developing this analysis, there is uncertainty regarding
ultimate development (i.e., number of wells, equipment to be used, specific loca-
tions). The analysis was aso based on a reasonably foreseeable development
scenario, including several conservative assumptions:

» All emission sources were assumed to operate at their reasonably foresee-
able maximum emission rates simultaneously throughout the LOP. Given
the number of sources included in this analysis, the co-probability of such
a scenario actualy occurring over an entire year (or even 24-hours) is
small. While this assumption is typically used in modeling analyses, the
resulting predicted impacts will be overstated.

» All proposed natural gas wells were assumed to be fully operational (no
dry holes), and remain operating (no shut ins) for about 7 years, with an
overall 20-year LOP.

» Thetotal proposed booster and reciprocating pipeline compression engines
(nearly 800,000 hp) were assumed to operate at their rated capacities con-
tinuoudly throughout the LOP (no phased increases or reductions). In real-
ity, compression equipment would be added or removed incrementally as
required by the well field operation, compressor engines would operate be-
low full horsepower ratings, and it is unlikely all compressor stations
would operate at maximum levels simultaneously.

» The atmospheric deposition impact analysis assumed no other ecosystem
components would affect lake chemistry for a full year (assuming no
chemical buffering due to interaction with vegetation or soil materias).

» The visbility impact analysis assumed seasonal “natural background” op-
tical conditions would occur simultaneoudy every day throughout each
mandatory Federal PSD Class | Area, and that a 1.0 deciview “just notice-
able change” would be a reasonably foreseeable significant adverse im-
pact, although there is no applicable state, tribal or Federa regulatory visi-
bility standards.
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Table 4-15 Predicted Visbility Impactsin PSD Class | Areas — Daily Analysis
Method (Number of Days Predicted to Equal or Exceed a 1.0
Deciview “ Just Noticeable Change”)

e e e~~~ —————————————————
PSD Class | Area 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Northern Cheyenne Reservation

Alternative 1 6 6 10 13 8 11 9 14 12 11 14
Alternative 2A 6 6 9 13 8 8 8 14 10 11 13
Alternative 3 4 3 7 9 4 4 6 9 5 6 7

Given these numerous “reasonable, but conservative” analysis assumptions,
which may actually compound one another, the projected impacts represent an
upper estimate of potential air quality impacts which are unlikely to actualy be
reached. However, even applying these “reasonable, but conservative’ analysis
assumptions, most predicted impacts are below assumed threshold limits, and
scientific evidence is not compelling that reasonably foreseeable significant ad-
verse impacts would occur.

It isimportant to note that before actual development could occur, the applicable
air quality regulatory agencies (including the state, tribe or EPA) would review
specific air pollutant emissions preconstruction permit applications which exam-
ine source-specific air quality impacts. As part of these permits (depending on
source size), the air quality regulatory agencies could require additional air qual-
ity impacts analyses or mitigation measures. Thus, before development occurs,
additional site-specific air quality analyses would be performed to ensure protec-
tion of air quality.

Vegetation

Direct effects to vegetation would occur from ground disturbance due to con-
struction of well pads, compressor stations, ancillary facilities, associated pipe-
lines, and roads. Short-term effects would occur where vegetated areas are dis-
turbed but later reclaimed within one to three years of the initial disturbance.
Long-term effects would occur where well pads, compressor stations, roads, wa-
ter-handling facilities, or other semi-permanent facilities result in loss of vegeta-
tion and prevent reclamation for the life of the Project. These areas would be re-
claimed during the abandonment phase. There would be some permanent |oss of
vegetation for roads and other facilities that are not reclaimed.

Indirect effects to vegetation would occur as a result of Project activities other
than the direct disturbance or removal of vegetation. Possible indirect effects may
include: 1) an increase in the potential for the spread of noxious weeds and dis-
placement of native vegetation, due to increased ground disturbance in the Pro-
ject Area; 2) alteration of vegetation type distribution due to changes in volume
and rate of surface water flows, particularly changes in stream flow from inter-
mittent to perennial; 3) ateration of ecosystem biodiversity due to changes in
plant species composition, abundance, and distribution; and 4) changes in vegeta-
tion type distribution which are important to wildlife species dependent on these
types as habitat.
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Alternative 1

Direct Effects

Under Alternative 1, direct disturbance would be the primary impact to vegeta-
tion resources in the Project Area. Approximately 278,633 acres (3.5 percent of
the Project Area) would be directly disturbed in the short-term. Of the 14 vegeta-
tion types within the Project Area, direct disturbance would occur across all land
ownership types in 13 vegetation types including agriculture, barren, coniferous
forest, forested riparian, herbaceous riparian, mixed-grass prairie, other shrub-
lands, sagebrush shrublands, shortgrass prairie, shrubby riparian, urban/disturbed,
water, and wet meadow Table 4-16. The aspen vegetation type would not be dis-
turbed. Direct disturbance of vegetation would occur in each of the 18 sub-
watersheds within the Project Area (Table 4-17).

Table4-16  Short-term Vegetation Disturbance by Surface Owner —
Alternative 1

|
Disturbance (acres)

BLM

Vegetation Type BFO CFO FS State Private Total

Agriculture 31 0 0 146 2,075 2,252
Aspen 0 0 0 0 0 0
Barren 362 0 4 286 2,578 3,229
Coniferous Forest 203 0 9 148 822 1,182
Forest Riparian 0 0 0 0 11 11
Herbaceous Riparian 0 6 0 0 0 6
Mixed Grass Prairie 2,518 11 303 4,060 29,181 36,073
Other Shrublands 11 0 0 17 28 56
Sagebrush Shrublands 8,800 22 3,606 5375 68,174 85,978
Shortgrass Prairie 18,715 33 7,665 9,091 107,045 142,550
Shrubby Riparian 15 0 6 116 1,171 1,307
Urban/Disturbed 0 0 0 0 6 6
Water 0 0 0 10 403 413
Wet Meadow 20 0 22 707 4,820 5,569
Total 30,676 72 11,615 19,957 216,313 278,633
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Table4-17  Short-term Vegetation Disturbance by Sub-water shed — Alternative 1

Disturbance (acres)
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Little Bighorn River 0 0 0 0 0 0 22 0 6 0 0 0 0 0 28
Upper Tongue River 851 0 213 19 0 0 7,523 0 3,086 3,456 416 0 0 2,707 18,270
Middle Fork Powder River 0 0 0 10 6 0 22 33 22 39 0 0 0 0 132
North Fork Powder River 0 0 0 0 0 0 6 0 0 0 0 0 0 0 6
Upper Powder River 69 0 1,106 259 0 0 8530 0 29,900 55,008 128 0 0 463 95,462
South Fork Powder River 0 0 0 6 0 0 6 0 0 6 0 0 0 0 18
Salt Creek 0 0 0 59 0 0 0 0 204 1,004 0 0 0 0 1,268
Crazy Woman Creek 0 0 395 12 0 0 1,197 6 6,489 10,533 0 0 0 0 18,631
Clear Creek 1,124 0 205 39 0 0 6,130 6 4,491 6,495 509 0 403 1,774 21,176
Middle Powder River 27 0 43 206 0 0 1,478 0 2,031 2,833 6 0 0 88 6,712
Little Powder River 58 0 317 488 0 0 6,159 0 12,429 9,458 136 0 0 253 29,298
Little Missouri River 6 0 0 6 0 0 259 0 143 94 0 0 0 11 519
Antelope Creek 53 0 192 32 0 0 443 0 10,257 34,433 0 0 0 0 45410
Dry Fork Cheyenne River 6 0 11 0 6 0 105 0 50 94 0 0 0 0 272
Upper Cheyenne River 0 0 28 10 0 0 266 0 2,003 1,49 0 0 0 0 3,803
Lightning Creek 6 0 6 0 0 0 116 11 105 28 0 0 0 0 272
Upper Belle Fourche River 52 0 697 37 0 0 3,695 0 1469 17,573 113 0 10 273 37,146
Middle North Platte Casper 0 0 17 0 0 6 116 0 66 0 0 6 0 0 211
Total 2,252 0 3,229 1,182 11 6 36,073 56 85,978 142550 1,307 6 413 5569 278,633
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The area of long-term disturbances associated with the Project would be less than
the extent of disturbances presented in (Table 4-16 and Table 4-17). Long-term
disturbance would affect 128,064 acres (1.6 percent of the Project Area). The
initial area disturbed during the construction phase is typicaly larger than the
area required for the operation phase. After completion of each well and associ-
ated roads and other facilities, portions of the disturbed areas would be re-
claimed. Long-term disturbance would till occur in the same 13 vegetation types
as would short-term disturbance, but the total area that remained disturbed would
be less. Total long-term disturbance by land ownership type is shown in Table 4—
18. The areal extent of vegetation that would be permanently lost is not known at
this time because the percentage of roads to be left unreclaimed is not yet known.

Table4-18 L ong-term Vegetation Distur bance by Surface Owner —
Alternative 1

. ________________________________________________________________________________________________|
Disturbance (acres)

BLM
Vegetation Type BFO CFO FS State Private Totd
Agriculture 17 0 0 73 998 1,088
Aspen 0 0 0 0 0 0
Barren 183 0 2 132 1,238 1,554
Coniferous Forest 122 0 37 86 493 738
Forest Riparian 0 0 0 0 9 9
Herbaceous Riparian 0 5 0 0 0 5
Mixed Grass Prairie 1,216 9 248 1,927 14,126 17,525
Other Shrublands 9 0 0 14 23 46
Sagebrush Shrublands 3,975 18 1,792 2,525 31,696 40,007
Shortgrass Prairie 8,218 27 3413 4,064 47849 63571
Shrubby Riparian 10 0 5 60 237 312
Urban/Disturbed 0 0 0 0 5 5
Water 0 0 0 5 202 207
Wet Meadow 10 0 18 345 2,627 3,001
Tota 13,760 59 5,515 9,231 99,504 128,069

Long-term disturbance would also occur in al 18 sub-watersheds, but again in
lesser amounts. The extent of long-term disturbance in each sub-watershed is
shown in Table 4-19.

Several options for handling CBM produced waters, including surface discharge,
infiltration, containment, land application disposal (LAD), and injection, would
also be implemented and would result in short- and long-term disturbance to
vegetation in the Project Area. Details of the water handling options are dis-
cussed in Chapter 2. Water handling options would directly disturb vegetation in
ten of the 18 sub-watersheds within the Project Area (Tables 2-6 and 2-7). The
total amount of vegetation disturbed as a result of water handling methods
(32,685 acres) for Alternative 1 would be more than that for Alternative 3 be-
cause of the greater number of wells, but less than both Alternatives 2A and 2B,
where the same number of wells would be drilled, but different water handling
methods would be used.
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Table4-19 Long-Term Vegetation Disturbance by Sub-watershed — Alternative 1
____________________________________________________________________________________________________________________________________________________________|

Disturbance (acres)
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Little Bighorn River 0 0 0 0 0 0 18 0 5 0 0 0 0 0 23
Upper Tongue River 415 0 102 10 0 0 3,559 0 1,431 1,647 156 0 0 1,326 8,645
Middle Fork Powder River 0 0 0 9 5 0 18 27 18 32 0 0 0 0 109
North Fork Powder River 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5
Upper Powder River 36 0 513 129 0 0 3,836 0 13478 24,744 14 0 0 242 42,991
South Fork Powder River 0 0 0 5 0 0 5 0 0 5 0 0 0 0 15
Salt Creek 0 0 0 23 0 0 0 0 100 399 0 0 0 0 523
Crazy Woman Creek 0 0 154 8 0 0 511 5 2,777 4,511 0 0 0 0 7,965
Clear Creek 539 0 105 24 0 0 301 5 2236 3,188 107 0 202 992 10,409
Middle Powder River 14 0 24 106 0 0 740 0 928 1,347 5 0 0 59 3223
Little Powder River 24 0 172 366 0 0 3,162 0 6,459 4,946 22 0 0 198 15,349
Little Missouri River 5 0 0 5 0 0 212 0 117 a4 0 0 0 9 425
Antelope Creek 20 0 74 15 0 0 173 0 3,897 13,053 0 0 0 0 17,232
Dry Fork Cheyenne River 5 0 9 0 5 0 86 0 41 77 0 0 0 0 223
Upper Cheyenne River 0 0 16 7 0 0 98 0 967 737 0 0 0 0 1825
Lightning Creek 5 0 5 0 0 0 95 9 86 23 0 0 0 0 223
Upper Belle Fourche River 25 0 367 32 0 0 1901 0 7413 8,785 9 0 5 175 18,712
Middle North Platte Casper 0 0 14 0 0 5 95 0 54 0 0 5 0 0 173
Tota 1,088 0 1,554 738 9 5 17525 46 40,007 63,571 312 5 207 3,001 128,069
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Where surface discharge is selected as the water handling option, produced water
from CBM wells would be gathered for surface discharge, feeding a small stock
reservoir or constructed infiltration basin designed for flow through (including
possible passive or active treatment) and subsequent discharge to a nearby sur-
face drainage. Surface discharge associated with Alternative 1 would cause direct
disturbance to vegetation on 7,296 acres typically from the construction of flow
through ponds. Where infiltration is selected as the water handling option, shal-
low impoundments would be constructed in upland or bottomland areas where
soils would alow infiltration of produced water. Water would not be released
from these impoundments into surface drainages. Atomizers would be used to
enhance water evaporation. The construction of infiltration impoundments would
result in direct impacts to 14,566 acres of vegetation. Where containment is se-
lected as the water handling option, shallow impoundments would be constructed
in upland areas where soils would allow only minimal infiltration. Water would
not be released from these impoundments into surface drainages. Atomizers
would be used to enhance water evaporation. Direct effects to vegetation due to
the creation of containment reservoirs would encompass 5,169 acres. Where
LAD is selected as the water handling option, disposal likely would be accom-
plished using atomizers or irrigation equipment under a disposal-rest rotation
cycle consisting of disposal, soil amendment, rest, disposal, etc., until the limita-
tions of repeated soil amendments are reached, and the site reclaimed. It is as-
sumed that all water would either evaporate or be consumed by vegetation and
that infiltration and surface runoff would be negligible. Direct effects to vegeta-
tion at LAD sites would result in the direct disturbance of 1,780 acres. Where
injection is selected as the water handling option, direct effects to vegetation
caused by construction at injection well sites would result in direct disturbance to
vegetation on 3,873 acres.

Indirect Effects

Implementation of Alternative 1 would cause indirect effects to vegetation types
within the Project Area. Following the life of the Project, most facilities would be
removed and their disturbed areas would be reclaimed and returned to pre-project
uses. This restoration would typicaly include replacing salvaged topsoil, re-
grading where necessary, reseeding disturbed areas, and controlling noxious
weeds. Reclamation of all native vegetation types present in the Project Area,
particularly sagebrush shrublands, would be difficult to achieve. Efforts directed
toward successful reclamation of all Project disturbances would be continued
until reclamation is successful. Replacement of pre-disturbance vegetation com-
munities would potentialy be a long-term effort due to the difficulty in replicat-
ing native plant communities. Forested areas, shrublands, and even native grass-
lands would remain in a low-diversity state for an extended period of time (i.e.,
years to decades) until natural plant species recruitment re-establishes the pre-
disturbance level of diversity.

Disturbances from construction would increase the potential for the invasion and
establishment of noxious weed species. Noxious weeds tend to be aggressive in-
vaders of disturbed areas. Disturbances associated with the construction of well
pads, compressor stations, roads, reservoirs, and other facilities would provide
opportunities for the invasion and establishment of noxious weeds. The extent of
these invasions is difficult to predict and would be determined by many factors,
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including the extent of disturbed areas, the extent of existing weed infestations
that would provide a seed source, the amount of equipment movement from areas
infested with weeds to areas not yet infested, the effectiveness of mitigation
measures designed to prevent noxious weed infestations, and the time lag be-
tween the end of disturbance and the successful completion of reclamation.

Surface discharge of produced water from CBM wells has the potential to alter
vegetation patternsin areas downstream of discharge points. The increased avail-
ability of water along normally dry stream channels would cause an increase in
the extent of riparian and wetland vegetation, and a corresponding decrease in
upland vegetation that formerly occupied these areas. This shift in vegetation
types would provide another type of disturbance that could be exploited by nox-
ious weed species. The extent of these changes is dependent on the locations cho-
sen for discharge points and on the existing vegetation downstream of these
points.

Other than the alteration of vegetation aong drainages, other changes in vegeta-
tion patterns may occur. Large, contiguous stands of vegetation would be frag-
mented by the construction of well pads, roads, pipeline corridors, and other fa-
cilities. Disturbance followed by reclamation would ater the species composition
of reclaimed areas when compared with undisturbed areas by replacing diverse
native communities with communities consisting of a few favored reclamation
Species.

The increased availability of water at LAD sites would increase ground cover and
productivity and alter species composition, thus providing a potential opportunity
for aggressive species to establish, including noxious weeds. Water application at
LAD sites would likely reduce the presence of certain plant species that are not
tolerant of irrigation, such as sagebrush, while favoring species that are capable
of exploiting the increased amount of water that would be available. The intro-
duction of salts in produced water at LAD sites could alter soil chemistry and
affect both plant species composition and biomass production. Excessive salt
build-up in soils could result in decreases in productivity and loss of native spe-
cies that are sensitive to high salt concentrations. Soil chemistry would be moni-
tored during the life of the project and mitigation measures applied to reduce
these impacts. Use of a rest-rotation system of water application, or the use of
soil amendments to reduce salt concentrations are two possible mitigations.
These measures would be developed on a site-specific basis, taking into account
local soil properties, vegetation species present, the particular salts or other con-
taminants that are causing problems, and the objectives of the managing agency
or surface owner.

The long-term effect of these shifts in vegetation patterns would be a reduction in
biodiversity within and adjacent to disturbed areas. Where the native vegetation
provides an essential component of wildlife habitat, such as the requirement of
sage grouse for large, healthy stands of sagebrush, these shifts in vegetation pat-
terns would result in decreased habitat quality for wildlife. Some of these
changes in vegetation would occur in areas that have been specifically identified
as being important to the conservation of biological diversity. The ateration and
potential loss of biodiversity associated with project-related activities is difficult
to quantify, but is not expected to have any substantial effect on biodiversity in
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the Project Area as a whole or within each sub-watershed. Even if al plant spe-
ciesdiversity in the entire disturbed area were to be reduced to some rudimentary
level, only a small percentage of the landscape in each sub-watershed would be
affected. The remaining undisturbed vegetation would still retain alevel of bio-
diversity essentially equivalent to pre-project conditions.

Alternatives 2A and 2B

Direct Effects

Under Alternative 2, direct disturbance would be similar to Alternative 1. Within
Alternative 2, two different ratios of the various water handling options (Alterna-
tives 2A and 2B) have been analyzed. All disturbance associated with these al-
ternatives would occur in the same vegetation types, land ownerships, and sub-
watersheds as Alternative 1. Table 4-20 and Table 4-24 show the direct, short-
term disturbance by surface owner for Alternatives 2A and 2B, respectively.
Table 4-21 and Table 4-25 show the direct, long-term disturbance by surface
owner for Alternatives 2A and 2B, respectively. Table 4-22 and Table 4-26
show the direct, short-term disturbance by sub-watershed for Alternatives 2A and
2B, respectively. Table 4-23 and Table 4-27 show the direct, long-term distur-
bance by sub-watershed for Alternatives 2A and 2B, respectively. Tota vegeta-
tion disturbance under Alternative 2A would encompass 297,527 acres (3.8 per-
cent of the Project Ared) in the short-term and 146,963 acres (1.9 percent of the
Project Area) in the long-term. Total vegetation disturbance under Alternative 2B
would encompass 289,501 acres (3.7 percent of the Project Area) in the short-
term and 138,937 acres (1.8 percent of the Project Area) in the long-term.

Table4-20  Short-term Vegetation Disturbance by Surface Owner —

Alternative 2A
Disturbance (acres)
BLM
Vegetation Type BFO CFO FS State Private Total
Agriculture 33 0 0 155 2,192 2,379
Aspen 0 0 0 0 0 0
Barren 390 0 4 311 2,774 3,479
Coniferous Forest 215 0 10 157 868 1,250
Forest Riparian 0 0 0 0 11 11
Herbaceous Riparian 0 6 0 0 0 6
Mixed Grass Prairie 2,692 11 303 4,331 31,065 38,402
Other Shrublands 11 0 0 17 28 56
Sagebrush Shrublands 9,402 22 3,817 5773 72,900 91,914
Shortgrass Prairie 19,901 33 8,208 9,731 114,462 152,335
Shrubby Riparian 15 0 6 123 1,200 1,344
Urban/Disturbed 0 0 0 0 6 6
Water 0 0 0 11 430 441
Wet Meadow 21 0 22 751 5,110 5,905
Total 32,680 72 12,369 21,360 231,046 297,527

The primary difference between Alternative 1 and 2, in terms of direct distur-
bance of vegetation, would be in the relative proportion of disturbance caused by
the different types of water disposal methods. Water handling options would di-
rectly disturb vegetation in ten of the 18 sub-watersheds within the Project Area
(Tables 2-23 and 2-24 for Alternative 2A; Tables 2-25 and 2-26 for Alternative
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2B). The total amount of vegetation disturbed as a result of water handling meth-
ods for Alternative 2A (51,579 acres) and Alternative 2B (43,553 acres) is more
than for Alternative 1 because the construction of impoundments for either infil-
tration or containment purposes causes greater surface disturbance than direct
discharge to surface drainages. Total disturbance for both of these alternativesis
greater than for Alternative 3 because that aternative contains many fewer new
wells.

Table4-21 Long-term Vegetation Disturbance by Surface Owner —
Alternative 2A

|
Disturbance (acres)

BLM

V egetation Type BFO CFO FS State Private Total

Agriculture 18 0 0 82 1,114 1,215
Aspen 0 0 0 0 0 0
Barren 210 0 2 156 1,435 1,804
Coniferous Forest 134 0 38 95 539 806
Forest Riparian 0 0 0 0 9 9
Herbaceous Riparian 0 5 0 0 0 5
Mixed Grass Prairie 1,391 9 248 2,197 16,009 19,854
Other Shrublands 9 0 0 14 23 46
Sagebrush Shrublands 4,581 18 2,001 2,923 36,420 45,943
Shortgrass Prairie 9,412 27 3,951 4,704 55,262 73,356
Shrubby Riparian 11 0 5 67 266 349
Urban/Disturbed 0 0 0 0 5 5
Water 0 0 0 6 229 235
Wet Meadow 11 0 18 390 2,918 3,337
Tota 15,778 59 6,262 10,634 114,230 146,963

Where surface discharge is selected as the water handling option, surface dis-
charge associated with Alternative 2A would cause direct disturbance to vegeta-
tion on 9,956 acres. Surface discharge associated with Alternative 2B would
cause direct disturbance to vegetation on 4,769 acres. Where infiltration is se-
lected as the water handling option, direct effects to vegetation due to the con-
struction of infiltration reservoirs would encompass 32,253 acres for Alternative
2A and 23,446 acres for Alternative 2B. Where containment is selected as the
water handling option, direct effects to vegetation due to the creation of contain-
ment reservoirs would encompass 5,941 acres for Alternative 2A and 4,939 acres
for Alternative 2B. Where LAD is selected as the water handling option, direct
effects to vegetation would result in the direct disturbance of 6,296 acres for both
Alternative 2A and Alternative 2B. Where injection is selected as the water han-
dling option, direct effects to vegetation caused by construction at injection well
sites would result in direct disturbance to vegetation on 4,103 acres for both Al-
ternative 2A and Alternative 2B.
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Table4-22  Short-term Vegetation Disturbance by Sub-water shed — Alter native 2A

Disturbance (acres)
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Sub-watershed < < 3 3 2 D s 5 g o o =) = = =
Little Bighorn River 0 0 0 0 0 0 22 0 6 0 0 0 0 0 28
Upper Tongue River 887 0 233 20 0 0 7,934 0 3,797 3,976 528 0 0 2,705 20,079
Middle Fork Powder River 0 0 0 11 6 0 22 33 33 59 0 0 0 0 164
North Fork Powder River 0 0 0 0 0 0 6 0 0 0 0 0 0 0 6
Upper Powder River 84 0 1,159 283 0 0 891 0 31112 57,208 140 0 0 563 99,489
South Fork Powder River 0 0 0 6 0 0 6 0 0 6 0 0 0 0 18
Salt Creek 0 0 0 64 0 0 0 0 304 1,014 0 0 0 0 1,383
Crazy Woman Creek 0 0 436 12 0 0 1,297 6 6,789 11,528 0 0 0 0 20,067
Clear Creek 1,180 0 225 41 0 0 6,431 6 5191 6,706 461 0 428 1,922 22591
Middle Powder River 32 0 51 221 0 0 1,588 0 2,031 3,163 11 0 0 88 7,185
Little Powder River 62 0 351 505 0 0 6,561 0 12829 10,139 128 0 0 293 30,868
Little Missouri River 7 0 0 6 0 0 359 0 153 104 0 0 0 11 640
Antelope Creek 58 0 224 33 0 0 483 0 11,278 36,503 0 0 0 0 48,579
Dry Fork Cheyenne River 7 0 13 0 6 0 128 0 50 104 0 0 0 0 308
Upper Cheyenne River 0 0 33 10 0 0 366 0 2103 1,624 0 0 0 0 4136
Lightning Creek 7 0 6 0 0 0 126 11 105 28 0 0 0 0 283
Upper Belle Fourche River 55 0 730 39 0 0 4,016 0 16,067 20,173 e 0 13 323 41,493
Middle North Platte Casper 0 0 19 0 0 6 116 0 66 0 0 6 0 0 212
Total 2,379 0 3479 1,250 11 6 38,402 56 91,914 152,335 1,344 6 441 5905 297,527
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Table 4-23 Long-term Vegetation Disturbance by Sub-water shed — Alternative 2A

Disturbance (acres)
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Little Bighorn River 0 0 0 0 0 0 28 0 5 0 0 0 0 0 33
Upper Tongue River 475 0 112 10 0 0 3,900 0 1,631 1,757 166 0 0 1,426 9,476
Middle Fork Powder River 0 0 0 9 5 0 28 27 18 32 0 0 0 0 119
North Fork Powder River 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5
Upper Powder River 39 0 614 139 0 0 4,187 0 14479 27,075 16 0 0 282 46,830
South Fork Powder River 0 0 0 5 0 0 5 0 0 5 0 0 0 0 15
Salt Creek 0 0 0 24 0 0 0 0 110 519 0 0 0 0 654
Crazy Woman Creek 0 0 164 8 0 0 631 5 3,777 5,921 0 0 0 0 10,505
Clear Creek 570 0 115 24 0 0 3,352 5 2,836 3,418 117 0 229 1,089 11,755
Middle Powder River 16 0 34 116 0 0 940 0 1,128 1,567 6 0 0 59 3,866
Little Powder River 34 0 182 403 0 0 3,683 0 7,482 5,739 36 0 0 257 17,816
Little Missouri River 6 0 0 5 0 0 232 0 117 87 0 0 0 9 456
Antelope Creek 30 0 84 25 0 0 293 0 4938 16,174 0 0 0 0 21544
Dry Fork Cheyenne River 5 0 9 0 5 0 96 0 41 87 0 0 0 0 243
Upper Cheyenne River 0 0 26 7 0 0 108 0 1017 1,047 0 0 0 0 2205
Lightning Creek 5 0 5 0 0 0 105 9 86 43 0 0 0 0 253
Upper Belle Fourche River 35 0 446 32 0 0 2,156 0 8,224 9,885 9 0 6 215 21,008
Middle North Platte Casper 0 0 14 0 0 5 105 0 54 0 0 5 0 0 182
Total 1,215 0 1,804 806 9 5 19,854 46 45943 73,356 349 5 235 3,337 146,963
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Table4-24  Short-term Vegetation Disturbance by Surface Owner —
Alternative 2B

|
Disturbance (acres)

BLM

V egetation Type BFO CFO FS State  Private Total

Agriculture 31 0 0 147 2,094 2,272
Aspen 0 0 0 0 0 0
Barren 378 0 4 300 2,692 3,374
Coniferous Forest 210 0 10 154 849 1,223
Forest Riparian 0 0 0 0 11 11
Herbaceous Riparian 0 6 0 0 0 6
Mixed Grass Prairie 2,598 11 303 4,185 30,048 37,145
Other Shrublands 11 0 0 17 28 56
Sagebrush Shrublands 9,156 22 3,731 5610 70,968 89,488
Shortgrass Prairie 19,443 33 7,998 9,483 111,594 148,550
Shrubby Riparian 15 0 6 117 1,176 1,314
Urban/Disturbed 0 0 0 0 6 6
Water 0 0 0 10 408 418
Wet Meadow 20 0 22 716 4,879 5,637
Tota 31,863 72 12,073 20,741 224,752 289,501

Table 4-25 Long-term Vegetation Disturbance by Surface Owner —
Alternative 2B

Disturbance (acres)

BLM

V egetation Type BFO CFO FS State Private Total

Agriculture 17 0 0 75 1,017 1,108
Aspen 0 0 0 0 0 0
Barren 199 0 2 146 1,353 1,699
Coniferous Forest 129 0 38 91 521 779
Forest Riparian 0 0 0 0 9 9
Herbaceous Riparian 0 5 0 0 0 5
Mixed Grass Prairie 1,296 9 248 2,051 14,993 18,597
Other Shrublands 9 0 0 14 23 46
Sagebrush Shrublands 4,333 18 1,916 2,761 34,489 43,517
Shortgrass Prairie 8,951 27 3,743 4,456 52,395 69,571
Shrubby Riparian 10 0 5 61 242 319
Urban/Disturbed 0 0 0 0 5 5
Water 0 0 0 6 207 212
Wet Meadow 10 0 18 354 2,686 3,069
Total 14,955 59 5,968 10,015 107,939 138,937

4-123 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Table4-26  Short-term Vegetation Disturbance by Sub-water shed — Alternative 2B

Disturbance (acres)
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Little Bighorn River 0 0 0 0 0 0 22 0 6 0 0 0 0 0 28
Upper Tongue River 860 0 233 20 0 0 7,724 0 3,486 3,756 558 0 0 2,637 19,273
Middle Fork Powder River 0 0 0 11 6 0 22 33 22 39 0 0 0 0 133
North Fork Powder River 0 0 0 0 0 0 6 0 0 0 0 0 0 0 6
Upper Powder River 69 0 1143 273 0 0 8,697 0 30,808 56,308 130 0 0 503 97,930
South Fork Powder River 0 0 0 6 0 0 6 0 0 6 0 0 0 0 18
Salt Creek 0 0 0 64 0 0 0 0 204 1,003 0 0 0 0 1272
Crazy Woman Creek 0 0 422 12 0 0 1,197 6 6,489 11,133 0 0 0 0 19,258
Clear Creek 1,135 0 215 41 0 0 6,331 6 5,001 6,795 311 0 408 1,782 22,115
Middle Powder River 27 0 43 211 0 0 1,578 0 2,231 3,033 36 0 0 88 7,247
Little Powder River 58 0 337 498 0 0 6,461 0 13129 10,259 219 0 0 283 31,244
Little Missouri River 6 0 0 6 0 0 259 0 143 94 0 0 0 11 519
Antelope Creek 53 0 202 33 0 0 443 0 10,458 35,533 0 0 0 0 46,722
Dry Fork Cheyenne River 6 0 12 0 6 0 105 0 50 94 0 0 0 0 273
Upper Cheyenne River 0 0 28 10 0 0 266 0 2103 1,696 0 0 0 0 4,203
Lightning Creek 6 0 6 0 0 0 116 11 105 28 0 0 0 0 272
Upper Belle Fourche River 52 0 717 39 0 0 3,796 0 15,097 18,773 61 0 10 333 38,878
Middle North Platte Casper 0 0 17 0 0 6 116 0 66 0 0 6 0 0 211
Total 2,272 0 3,374 1,223 11 6 37,145 56 89,488 148,550 1,314 6 418 5,637 289,501
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Table 4-27 Long-term Vegetation Disturbance by Sub-water shed — Alternative 2B

Disturbance (acres)
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Little Bighorn River 0 0 0 0 0 0 18 0 5 0 0 0 0 0 23
Upper Tongue River 421 0 122 10 0 0 3,660 0 1,631 1,947 160 0 0 1,336 9,286
Middle Fork Powder River 0 0 0 9 5 0 18 27 18 32 0 0 0 0 109
North Fork Powder River 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5
Upper Powder River 40 0 554 139 0 0 3937 0 14,586 26,745 14 0 0 252 46,266
South Fork Powder River 0 0 0 5 0 0 5 0 0 5 0 0 0 0 15
Salt Creek 0 0 0 24 0 0 0 0 100 499 0 0 0 0 624
Crazy Woman Creek 0 0 174 8 0 0 611 5 3,077 4911 0 0 0 0 8,785
Clear Creek 545 0 115 24 0 0 3,112 5 2,436 3,488 110 0 207 1,013 11,055
Middle Powder River 14 0 24 106 0 0 860 0 928 1,757 5 0 0 59 3,753
Little Powder River 28 0 182 396 0 0 3,462 0 7,059 4,646 22 0 0 222 16,017
Little Missouri River 5 0 0 5 0 0 232 0 117 77 0 0 0 9 445
Antelope Creek 20 0 84 15 0 0 273 0 4198 15234 0 0 0 0 19,824
Dry Fork Cheyenne River 5 0 9 0 5 0 86 0 41 77 0 0 0 0 223
Upper Cheyenne River 0 0 16 7 0 0 98 0 1,167 745 0 0 0 0 2,033
Lightning Creek 5 0 5 0 0 0 95 9 86 23 0 0 0 0 223
Upper Belle Fourche River 25 0 401 32 0 0 2,021 0 8,014 9,385 9 0 5 178 20,070
Middle North Platte Casper 0 0 14 0 0 5 104 0 54 0 0 5 0 0 182
Tota 1,108 0 1,699 779 9 5 18,597 46 43517 69,571 319 5 212 3,069 138,937
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Indirect Effects

Indirect effects to vegetation as a result of Alternative 2 (both 2A and 2B) would
be similar to those for Alternative 1. Disturbances associated with the construc-
tion of well pads, compressor stations, roads, reservoirs, and other facilities
would provide opportunities for the invasion and establishment of noxious
weeds. The increased availability of water at LAD sites would increase ground
cover and ater the species composition by providing opportunity for aggressive
species, including noxious weeds, to establish.

Surface discharge of produced water from CBM wells has the potentia to alter
vegetation patterns in areas downstream of discharge points. This shift in vegeta-
tion types would provide another type of disturbance that could be exploited by
noxious weed species. Disturbance followed by reclamation would alter the spe-
cies composition of reclaimed areas. The long-term effect of these shiftsin vege-
tation patterns would be a reduction in biodiversity within and adjacent to dis-
turbed areas. The differences between the two water-handling scenarios in terms
of indirect impacts are expected to be in proportion to the differences in direct
impacts.

Alternative 3

Direct Effects

Under Alternative 3, direct disturbance would be the primary impact to vegeta-
tion resources in the Project Area. Approximately 112,299 acres (1.4 percent of
the Project Area) would be directly disturbed in the short-term. Of the 14 vegeta-
tion types within the Project Area, direct short-term disturbance would occur
across al land ownership types in 12 vegetation types including agriculture, bar-
ren, coniferous forest, forested riparian, mixed-grass prairie, other shrublands,
sagebrush shrublands, shortgrass prairie, shrubby riparian, urban/disturbed, wa-
ter, and wet meadow (Table 4-28). Direct disturbance of vegetation would occur
in 17 of the 18 sub-watersheds within the Project (Table 4-29). The only sub-
watershed not affected would be the North Fork Powder River sub-watershed.

Table4-28  Short-term Vegetation Disturbance by Surface Owner —
Alternative 3

|
Disturbance (acres)

BLM
Vegetation Type BFO CFO FS State Private Total
Agriculture 146 1,958 2,105
Aspen 0 0 0
Barren 290 1,006 1,296
Coniferous Forest 146 211 358
Forest Riparian 0 11 11
Herbaceous Riparian 0 0 0
Mixed Grass Prairie 4,055 17,375 21,430
Other Shrublands 6 17 23

Sagebrush Shrublands
Shortgrass Prairie

5,181 27,467 32,647
8,474 39,282 47,756

Shrubby Riparian 116 471 587
Urban/Disturbed 0 6 6
Water 10 3% 404
Wet Meadow 708 4,968 5,676

(o] leoloNeololoNoNoloNeo o NoNoNe)
(o] leloloNeololoNoNoloNoNoNoNoNeo)
(o] leNoloNeoNoloNoNoloNoloNoNoNe)

Total 19,133 93,166 112,299
I E———
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The area of long-term disturbances associated with the Project would be less than
the extent of disturbances presented in Table 4-28. Long-term disturbance would
affect 52,231 acres (0.6 percent of the Project Ared). The initial area disturbed
during the construction phase is typically larger than the area required for the
operation phase. After completion of each well and associated roads and other
facilities, portions of the disturbed areas would be reclaimed. Long-term distur-
bance would still occur in the same twelve vegetation types as would short-term
disturbance, but the total area that remained disturbed would be less. Tota long-
term disturbance by land ownership type is shown in Table 4-30. Long-term dis-
turbance would also occur in the same seventeen sub-watersheds, but again in
lesser amounts. The extent of long-term disturbance in each sub-watershed is
shown in Table 4-31.

The total amount of vegetation disturbed as a result of water handling methods
for Alternative 3 would be less than any of the other alternatives because fewer
wells would be drilled and less water would be produced, requiring fewer water
handling facilities. Discharge of produced water associated with Alternative 3
would cause direct disturbance to vegetation on 14,384 acres (Tables 2-30 and 2-
31).

Where surface discharge is selected as the water handling option, discharge of
produced water associated with Alternative 3 would cause direct disturbance to
vegetation on 8,376 acres. Where infiltration is selected as the water handling
option, direct effects to vegetation due to the construction of infiltration reser-
voirs would encompass 7,141 acres for Alternative 3. Where containment is se-
lected as the water handling option, direct effects to vegetation due to the crea
tion of containment reservoirs would encompass 2,159 acres. Where LAD is se-
lected as the water handling option, direct effects to vegetation would result in
the direct disturbance of 808 acres. Where injection is selected as the water han-
dling option, direct effects to vegetation caused by construction at injection well
sites would result in direct disturbance to vegetation on 1,763 acres.

Indirect Effects

Implementation of Alternative 3 would result in lower potentia for the occur-
rence of indirect effects to vegetation types within the Project Areathan Alterna-
tives 1 or 2, due to the reduced number of wells, roads, ancillary facilities, pipe-
lines, and water handling facilities. Following the life of the project, most roads
and facilities would be removed and their disturbed areas would be reclaimed and
returned to pre-project uses.

Disturbances associated with the construction of well pads, compressor stations,
roads, containment reservoirs, and other facilities would provide opportunities
for the invasion and establishment of noxious weeds. The increased availability
of water at LAD sites would increase ground cover and ater the species
composition by providing opportunity for invasive exotic species to establish.
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Table4-29  Short-term Vegetation Disturbance by Sub-water shed — Alternative 3

Disturbance (acres)
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Sub-watershed < < 3 3 2 D s 5 g o o =) = = =
Little Bighorn River 0 0 0 0 0 0 22 0 6 0 0 0 0 0 28
Upper Tongue River 825 0 174 20 0 0 6,595 0 2,523 2,341 317 0 0 2,652 15,446
Middle Fork Powder River 0 0 0 0 55 0 6 6 6 22 0 0 0 0 46
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Powder River 42 0 316 38 0 0 3167 0 7,318 11,999 21 0 0 440 23,340
South Fork Powder River 0 0 0 6 0 0 6 0 17 6 0 0 0 0 35
Salt Creek 0 0 0 0 0 0 0 0 114 489 0 0 0 0 602
Crazy Woman Creek 0 0 75 6 0 0 680 0 2,005 3,409 0 0 0 0 6,174
Clear Creek 1,088 0 139 26 0 0 4,284 6 2,572 3,417 211 0 394 1,897 14,033
Middle Powder River 6 0 17 38 0 0 329 0 450 521 6 0 0 66 1,433
Little Powder River 58 0 105 181 0 0 3,402 0 5,147 3,701 26 0 0 260 12,878
Little Missouri River 6 0 0 0 0 0 94 0 22 39 0 0 0 11 172
Antelope Creek 53 0 107 27 0 0 272 0 3229 11,268 0 0 0 0 14,956
Dry Fork Cheyenne River 6 0 0 0 55 0 39 0 11 33 0 0 0 0 95
Upper Cheyenne River 0 0 0 0 0 0 25 0 450 485 0 0 0 0 960
Lightning Creek 0 0 0 0 0 0 61 11 39 17 0 0 0 0 128
Upper Belle Fourche River 21 0 364 17 0 0 2,394 0 8,706 10,010 6 0 10 351 21,880
Middle North Platte Casper 0 0 0 0 0 0 55 0 33 0 0 6 0 0 94
Tota 2,105 0 1,296 358 11 0 21,430 23 32,647 47,756 587 6 404 5,676 112,299
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Table4-30 Long-term Vegetation Disturbance by Surface Owner —
Alternative 3

|
Disturbance (acres)

BLM
V egetation Type BFO CFO FS State Private Total
Agriculture 0 0 0 73 940 1,014
Aspen 0 0 0 0 0 0
Barren 0 0 0 134 492 626
Coniferous Forest 0 0 0 84 125 210
Forest Riparian 0 0 0 0 9 9
Herbaceous Riparian 0 0 0 0 0 0
Mixed Grass Prairie 0 0 0 1,934 8,361 10,295
Other Shrublands 0 0 0 5 14 19
Sagebrush Shrublands 0 0 0 2461 12,851 15,311
Shortgrass Prairie 0 0 0 3,810 17,739 21,549
Shrubby Riparian 0 0 0 60 234 294
Urban/Disturbed 0 0 0 0 5 5
Water 0 0 0 5 198 203
Wet Meadow 0 0 0 346 2,350 2,696
Tota 0 0 0 8914 43,317 52,231

Surface discharge of produced water from CBM wells has the potential to alter
vegetation patterns in areas downstream of discharge points. This shift in vegeta-
tion types would provide another type of disturbance that could be exploited by
noxious weed species. Disturbance followed by reclamation would alter the spe-
cies composition of reclaimed areas. The long-term effect of these shiftsin vege-
tation patterns would be a reduction in biodiversity within and adjacent to dis-
turbed areas. This effect would be less than Alternatives 1, 2A, and 2B for Alter-
native 3.

Cumulative Effects

Implementation of each of the alternatives would contribute to cumulative effects
to vegetation in the Project Area. Cumulative short- and long-term disturbance to
vegetation by aternative for each surface owner is shown in Table 4-32. Cumu-
lative short- and long-term disturbance to vegetation by alternative for each wa-
tershed is shown in Table 4-33. Included in Table 4-32 and Table 4-33 are the
cumulative direct effects of oil and gas (both conventional and CBM) develop-
ment, including projected effects of CBM development on private surface lands
with private minera ownership. The Alternative 3 data do not include potential
new federal wells that would be developed in response to drainage situations
caused by production on adjacent state or fee minerals. Additional oil and gas
development (both conventional and CBM) may occur at a later date beyond the
level of development being considered in this analysis. Other activities contribut-
ing to cumulative effects on vegetation in the Project Area include: coal mining;
uranium mining; sand, gravel, and scoria mining; ranching; agriculture; road and
railroad construction; and rural and urban housing devel opment.
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Table4-31 Long-term Vegetation Disturbance by Sub-water shed — Alternative 3

. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________|
Disturbance (acres)

(2]
g ° e
8 = [4) e Q
g § & & & s 5 £ 3

° L = m @ 5 ) x i3 5 2

5 = 2 a 2 2 % 8 x B E

= o X o) O 5 2 @ 2 a

3 g 3 2 g g B o 8 2 3 g 5 = =

S & B & 5 5} X < S = S 8 B g
Sub-watershed < < o 8] 2 T s 5 (%’ 0 [0 > = = =
Little Bighorn River 0 0 0 0 0 0 18 0 5 0 0 0 0 0 23
Upper Tongue River 401 0 84 10 0 0 3,110 0 1,161 1,104 156 0 0 1,253 7,278
Middle Fork Powder River 0 0 0 0 5 0 5 5 5 18 0 0 0 0 38
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Powder River 23 0 146 18 0 0 1,379 0 3,319 5,399 9 0 0 185 10477
South Fork Powder River 0 0 0 5 0 0 5 0 0 5 0 0 0 0 15
Salt Creek 0 0 0 0 0 0 0 0 52 189 0 0 0 0 240
Crazy Woman Creek 0 0 33 5 0 0 283 0 849 1455 0 0 0 0 2624
Clear Creek 521 0 70 15 0 0 2116 5 1274 1670 106 0 198 905 6,879
Middle Powder River 5 0 10 20 0 0 172 0 223 236 5 0 0 a4 715
Little Powder River 24 0 54 114 0 0 1,651 0 2505 1,923 13 0 0 138 6,420
Little Missouri River 5 0 0 0 0 0 a4 0 18 32 0 0 0 9 141
Antelope Creek 20 0 40 10 0 0 104 0 1,226 4,259 0 0 0 0 5,659
Dry Fork Cheyenne River 5 0 0 0 5 0 32 0 9 27 0 0 0 0 78
Upper Cheyenne River 0 0 0 0 0 0 12 0 232 257 0 0 0 0 501
Lightning Creek 0 0 0 0 0 0 50 9 32 14 0 0 0 0 105
Upper Belle Fourche River 10 0 190 14 0 0 1237 0 4375 4,962 5 0 5 163 10,962
Middle North Platte Casper 0 0 0 0 0 0 45 0 27 0 0 5 0 0 77
Total 1,014 0 626 210 9 0 10,295 19 15311 21,549 294 5 203 2,696 52,231
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Table4-32  Cumulative Oil and Gas (including CBM) Direct Impactsto
Vegetation by Alternative and Surface Owner

Proportion of Surface Owner Area Disturbed

Alternative 1 Alternative 2A Alternative 2B Alternative 3

€ £ S = IS = € £

oo T = oo T = D = T = o T =

5 T§ £E & Lg L T§ T8

‘%‘ o Cci) o ‘%‘ o g} ‘%’ g} ‘%‘ o g} (&]
Surface Owner ﬁé?, SQE, ﬁé?, 3‘3 ﬁ@ 3‘3 ﬁé?, SQE,
Buffalo FO 404 192 4.29 2.17 4.19 2.07 0.19 0.19
Casper FO 0.28 027 0.28 0.27 0.28 0.27 0.20 0.20
USFS 487 265 5.15 2.92 5.04 2.81 0.63 0.63
State 265 167 2.78 1.80 2.72 1.75 2.58 1.64
Private 496 2.89 5.22 3.15 5.11 3.04 2.78 1.90
Tota 449 259 4.73 2.83 4.63 2.72 2.39 1.63
|

Table4-33  Cumulative Oil and Gas (including CBM) Direct | mpactsto
Vegetation by Alternative and Sub-water shed

Proportion of Sub-watershed Disturbed
Alternative 1 Alternative 2A  Alternative 2B  Alternative 3

52 52 852 52 852 5T 52 5

g2 gl £l gl £l pE il el
Sub-watershed e S e 38 He S8 e S8
Little Bighorn 0.06 0.05 0.06 0.07 006 005 0.06 0.05
Upper Tongue River 3.4 1.74 329 186 318 183 266 156
Middle Fork Powder 0.07 0.06 0.07 0.06 0.07 006 005 0.05
North Fork Powder 0.03 0.02 0.03 0.02 0.03 002 000 0.00
Upper Powder River 6.73 3.45 6.98 3.69 6.88 366 223 143
South Fork Powder 0.17 0.17 0.17 0.17 0.17 017 018 0.17
Salt Creek 1.00 0.51 1.07 0.59 1.00 057 056 0.32
Crazy Woman Creek 3.53 1.59 380 205 365 174 126 0.62
Clear Creek 4.15 2.19 441 243 433 231 28 154
Middle Powder 4.59 3.03 480 3.32 483 327 224 191
Little Powder 5.49 3.87 566 4.15 570 394 358 284
Little Missouri 157 1.32 188 140 157 137 066 0.58
Antelope 8.04 3.78 852 443 824 417 343 202
Dry Fork Cheyenne 0.29 0.27 0.30 0.28 029 027 023 022
Upper Cheyenne 2.83 1.87 299 205 297 197 145 123
Lightning Creek 0.78 0.77 079 0.78 078 077 0.74 0.73
Upper Belle Fourche 7.08 4.90 7.60 5.17 729 506 528 399
Middle North Platte Casper 0.14 0.12 014 013 014 013 0.08 0.08
Total 4.49 2.59 473 283 463 272 239 1.63

On-going coal mining activities disturb vegetation at a rate of approximately
2,000 acres per year, while 1,850 acres of previoudly disturbed vegetation is suc-
cessfully reclaimed on an annua basis. At present, approximately 54,000 acres
have been disturbed by coal mining, while 20,200 acres have been successfully
reclaimed. An unknown portion of disturbed coal mining areais currently under-
going reclamation, but has not yet met success standards. A similar level of both
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new disturbance and reclamation success is expected in the reasonably foresee-
able future.

Uranium mining has resulted in the disturbance of approximately 4,400 acres,
while sand, gravel, and scoria mining has resulted in the disturbance of approxi-
mately 1,200 acres. Agriculture has resulted in impacts to approximately 113,643
acres of lands formally occupied by native vegetation. Agricultural areas are not
expected to substantially expand or contract in the foreseeable future. Urban de-
velopment has resulted in the loss of approximately 4,362 acres of native vegeta-
tion. A minor amount of new rural and urban development is expected in the
foreseeable future but no estimate of the amount or types of vegetation distur-
bance has been made. Cumulative impacts to vegetation from roads, railroads,
and rural development have not been estimated, except where road impacts are
part of existing or proposed oil and gas activities. These road impacts are in-
cluded in Table 4-32 and Table 4-33.

All non-oil and gas impacts to have resulted in the loss of approximately two
percent of the native vegetation in the Project Area. When non-oil and gas im-
pacts are combined with the existing and projected impacts from oil and gas de-
velopment, approximately 6.5 percent of the vegetation in the Project Areawould
be in a disturbed state in the short-term, and approximately four percent of the
vegetation in the Project Area would be in a disturbed state in the long-term, de-
pending on the alternative selected.

The total acreage affected by CBM development would not be disturbed simulta-
neoudy, because Project development would occur over the life of the Project.
Some of the disturbed acreage would be reclaimed or would be in the process of
being reclaimed when new disturbances are initiated. CBM development is ex-
pected to occur at arate faster than abandonment and reclamation of wells. In the
near future (5 to 10 years), the amount of disturbed vegetation is likely to in-
crease, athough the anticipated life of coal bed methane wells (12 to 20 years)
indicates that reclamation would eventually overtake new well development, re-
sulting in anet decrease in disturbed vegetation over the long-term.

Cumulative effects would also occur to vegetation resources as a result of indi-
rect impacts. One factor is the potential import and spread of noxious weeds
around project facilities. Noxious weeds have the ability to displace native vege-
tation and hinder reclamation efforts. If weed mitigation and preventative proce-
dures were applied to al construction and reclamation practices, the impact of
noxious weeds would be minimized.

In areas reclaimed after CBM development, the reclaimed areas often differ sub-
stantially from undisturbed areas in terms of vegetation cover. Reclaimed areas
may not serve ecosystem functions presently served by undisturbed vegetation
communities, particularly in the short term, when species composition, shrub
cover, and other environmenta factors would likely be different. Establishment
of noxious weeds and alteration of vegetation along drainages and reclaimed ar-
eas has the potential to alter vegetation type distribution. As aresult, ateration of
biodiversity may occur dueto the overall effects of the Project on vegetation.
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Wetland/Riparian Areas

Potential effects to wetlands and riparian areas are similar to those for vegetation.
In general, efforts would be made to prevent effects to wetlands and riparian ar-
eas by locating roads and facilities outside of these sensitive resources. Well pads
would not be located in wetlands or riparian areas. Other facilities, particularly
those of a linear nature, such as transmission lines and pipelines, would cross
wetlands and riparian areas where routes that avoid these areas are not available.

Direct effects to wetlands and riparian areas would occur from the disturbance or
removal of vegetation and soils in these areas resulting from the construction of
transmission lines, pipelines, roads, and other facilities. Short-term effects would
occur where vegetated areas are disturbed but later reclaimed within one to three
years of the initia disturbance. Long-term effects would occur where roads or
other semi-permanent facilities result in loss of vegetation and prevent reclama-
tion for the life of the Project. These areas would be reclaimed during the aban-
donment phase, although not all roads may be reclaimed. Restoration of wetland
and riparian area form and function can be difficult and may require an extended
period of time. In other cases where impacts are minimal and limited in scale,
restoration may occur quickly due to the availability of more water and better
soils than are present in the Project Areain general.

Indirect effects to wetlands and riparian areas would occur as aresult of activities
other than the direct disturbance or removal of vegetation and soils. Possible in-
direct effects may include: 1) an increase in the potential for the spread of nox-
ious weeds and displacement of native vegetation, due to ground disturbance in
the Project Area; 2) ateration of wetland distribution and riparian area function
due to changesin volume and rate of surface water flows, particularly changesin
stream flow from intermittent to perennial; 3) ateration of ecosystem biodiver-
sity due to changes in plant species composition, abundance, and distribution;
and 4) changes in wildlife abundance and distribution due to changes in wetlands
and riparian areas.

Alternative 1

Direct Effects

Approximately 7,306 acres (2.9 percent of the wetland/riparian areas in the Pro-
ject Area) of wetland/riparian vegetation would be directly disturbed (Table 4-16
and Table 4-17) in the short-term. Direct disturbance would occur across five
wetland/riparian vegetation types, including forested riparian, herbaceous ripar-
ian, shrubby riparian, water, and wet meadow. Direct disturbance of wet-
land/riparian vegetation would occur in ten of the 18 sub-watersheds within the
Project Area (Table 4-17).

Long-term disturbance would still occur in the same vegetation types as would
short-term disturbance, but the total area that remained disturbed would be less
(3,534 acres or 1.4 percent of the wetland/riparian areas in the Project Areq). To-
tal long-term disturbance by land ownership type is shown in Table 4-18. Long-
term disturbance would also occur in ten of the 18 sub-watersheds, but again in
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lesser amounts. The extent of long-term disturbance in each sub-watershed is
shown in Table 4-19. Alternative 1 would result in lower short- and long-term
direct impacts to wetland/riparian areas than Alternatives 2A or 2B, but greater
impacts than Alternative 3. This difference in impactsis primarily due to the dif-
ferent ratios of the various water handling options that would be applied under
each aternative.

Produced water from CBM wells would be gathered for discharge at outfalls.
Outfalls may feed into small stock reservoirs, constructed infiltration basins, or
other facilities before the outflows reach surface drainages. The additional sur-
face flows of water would directly result in the disturbance or removal of vegeta-
tion and soils. The extent of disturbance is dependent on the location chosen for
discharge points, the vegetation and soils that occur downstream of the discharge,
and the amount of increase in surface flows. Direct disturbance caused by surface
discharge of CBM water would occur in ten of the 18 sub-watersheds within the
analysis area (Tables 2-6 and 2-7).

No direct effects on wetland/riparian areas would occur as a result of the creation
of containment reservoirs because they would be constructed in upland sites
away from wetland/riparian areas. Infiltration reservoirs would be constructed on
bottomland or upland sites. Where these reservoirs are constructed in bottomland
sites, wetland/riparian areas may be impacted. The extent of these impacts cannot
currently be quantified because the locations of these reservoirs have not been
determined. Containment reservoirs would be constructed in upland areas, away
from drainages, floodplains, and gravelly terraces, and would not be constructed
as flow-through impoundments. Atomizers would be located on towers situated
on floating islands in the central portions of the reservoir. Spray from these units
would be directed above the water surface only, so that the land surface near the
reservoir would be unaffected.

No direct effects on wetland/riparian areas would occur as aresult of the creation
of land application disposal (LAD) sites and/or injection facilities. These sites
would be placed in upland areas away from drainages and floodplains. Water
would be applied at agronomic rates at LAD sites so that there would be no run-
off or infiltration of applied water that could reach surface drainages.

Following the life of the Project, facilities would be removed and their disturbed
areas would be reclaimed and returned to pre-project uses. This restoration would
typically include replacing salvaged topsoil, re-grading, and reseeding disturbed
areas. Efforts directed toward successful reclamation of all Project disturbances
would be continued until reclamation is successful.

Indirect Effects

Implementation of Alternative 1 would increase the potential for the occurrence
of indirect effects to wetland/riparian areas within the Project Area. Indirect ef-
fects to wetland/riparian areas would occur in ten of the eighteen sub-watersheds.
Ten out of eighteen sub-watersheds would also be indirectly affected specifically
due to water discharge.
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Disturbances associated with the construction of well pads, compressor stations,
roads, and other facilities would provide opportunities for the invasion and estab-
lishment of noxious weeds. Noxious weeds tend to be aggressive invaders of dis-
turbed areas, often displacing native wetland/riparian vegetation. The extent of
these invasions is difficult to predict, and would be determined by many factors,
including the extent of disturbed areas, the extent of existing weed infestations
that would provide a seed source, the amount of equipment movement for areas
infested with weeds to areas not yet infested, and the time lag between the end of
disturbance and the successful completion of reclamation.

Surface discharge of produced water from CBM wells has the potential to alter
vegetation patterns in areas downstream of discharge points. The shift in surface
water flows would provide another type of disturbance that could be exploited by
noxious weed species, as well as providing a means for the spread of noxious
weeds. Noxious weeds and other aggressive species could come to dominate dis-
turbed wetland/riparian areas, potentialy reducing biodiversity in these situa-
tions.

The function of wetland and riparian areas would be altered due to changes in
volume and rate of surface water flows. The increased availability of water along
normally dry stream channels could cause an increase in the extent of riparian
and wetland vegetation, as well as changes in stream flow from intermittent to
perennia. The extent of these changes is dependent on the locations chosen for
discharge points, and on the existing vegetation and soils downstream of these
points.

Depending on the quality and volume of produced water, other changes in wet-
land/riparian vegetation may occur. In areas where the water table (i.e., shallow
aquifer) rises to the surface, some plant species would not be able to grow due to
saturation of the soil, thus altering the species composition of affected areas.
Where continuous inundation occurs in forested riparian areas, cottonwood seed-
lings would not be able to become established. In other areas where the water
table rises to or near the surface, cottonwood seedling establishment may in-
crease due to increased shallow water availability.

Groundwater pumping related to CBM production is generally not expected to
result in alowered water table in shallow alluvia aquifers (see groundwater sec-
tion). In some isolated locations, particularly around the edges of the Powder
River Basin where the cover of the Wasatch Formation over the coa beds is thin,
the groundwater table may drop. Where this drop coincides with existing wet-
land/riparian areas and is substantial, some wetland/riparian vegetation may be
lost. The occurrence of thisimpact is expected to be minimal.

The quality of produced water is regulated by the NPDES permit system admin-
istered by the Wyoming DEQ. Although produced water in some areas would be
of low quality, this water would be disposed of in a manner that would prevent
impacts to wetland/riparian vegetation. Water that is disposed of by surface dis-
charge or infiltration would meet DEQ water quality standards that are designed
to protect aquatic life, livestock, wildlife, and other applicable water uses (such
as agricultural irrigation). Because of these standards, water quality of produced
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water from CBM wells is not expected to have any effect on wetland/riparian
areas.

There would be no indirect effects to wetland/riparian areas due to the creation of
containment reservoirs, LAD sites, and/or injection wells. These sites would be
placed in upland areas away from drainages and floodplains.

Alteration of biodiversity would occur due to changes in plant species composi-
tion, abundance, and distribution. Large, contiguous areas of wetland/riparian
vegetation would be fragmented by the construction of roads, pipeline corridors,
and other linear facilities if such areas must be disturbed. Disturbance followed
by reclamation would ater the species composition of reclaimed areas when
compared with undisturbed areas by replacing diverse native communities with
communities consisting of a few favored reclamation species. The increase of
surface water flows in riparian and wetland areas may also create an increase in
biodiversity within and adjacent to disturbed areas because wetland and riparian
areas tend to support a greater number of species than do adjacent uplands.

Wetland/riparian areas are important to wildlife species dependent on these types
as habitat. Where the native vegetation provides an essential component of wild-
life habitat, these shifts in vegetation pattern would result in decreased habitat
quality for wildlife. Some of these changes in wetland/riparian vegetation would
occur in areas that have been specifically identified as being important to the
conservation of biological diversity.

Alternative 1 would result in potentially greater indirect impacts to wet-
land/riparian areas than would Alternatives 2A, 2B, or 3, because of the greater
amount of surface discharge of produced water. Water that is discharged to sur-
face drainages has a greater chance of affecting wetlands than water that is con-
tained in reservoirs, applied directly to vegetation in upland situations, or in-
jected. These impacts are difficult to quantify for many reasons, including vari-
ables related to the number of wells discharging into each drainage, the amount
of water produced by each well, the amount of evaporation and infiltration that
occurs between discharge point and wetland/riparian areas, the ability of the shal-
low aluvial aquifer to absorb water inputs without affecting water levels in wet-
land/riparian areas, and the ability of wetland/riparian vegetation to adapt to in-
creased water availability.

Alternatives 2A and 2B

Direct Effects

Under Alternative 2, direct disturbance would be similar to Alternative 1. Within
Alternative 2, two different ratios of the various water handling options (Alterna-
tives 2A and 2B) have been analyzed. All disturbance associated with these al-
ternatives would occur in the same vegetation types, land ownerships, and sub-
watersheds as Alternative 1. Table 4-20 and Table 4-24 show the direct, short-
term disturbance to wetland/riparian areas by surface owner for Alternatives 2A
and 2B, respectively. Table 4-21 and Table 4-25 show the direct, long-term dis-
turbance to wetland/riparian areas by surface owner for Alternatives 2A and 2B,

4-136 PRB O & G DEIS



Chapter 4 — Environmental Consequences

respectively. Table 4-22 and Table 4-26 show the direct, short-term disturbance
to wetland/riparian areas by sub-watershed for Alternatives 2A and 2B, respec-
tively. Table 4-23 and Table 4-27 show the direct, long-term disturbance to wet-
land/riparian areas by sub-watershed for Alternatives 2A and 2B, respectively.
Tota disturbance to wetland/riparian areas under Alternative 2A would encom-
pass 7,707 acres (3.1 percent of the wetland/riparian areas in the Project Area) in
the short-term and 3,935 acres (1.6 percent of the wetland/riparian areas in the
Project Ared) in the long-term. Total disturbance to wetland/riparian areas under
Alternative 2B would encompass 7,386 acres (2.9 percent of the wetland/riparian
areas in the Project Area) in the short-term and 3,614 acres (1.4 percent of the
wetland/riparian areas in the Project Area) in the long-term.

The primary difference between Alternatives 1, 2A, and 2B, in terms of direct
disturbance of wetland/riparian vegetation, would be in the relative proportion of
disturbance caused by the different types of water disposal methods. Water han-
dling options would directly disturb vegetation in ten of the 18 sub-watersheds
within the Project Area (Tables 2-23 to 2-26). Alternative 2A would result in the
greatest short- and long-term direct impacts to wetland/riparian areas when com-
pared with Alternatives 1, 2B, and 3, while Alternative 2B would have less direct
impact than Alternative 2A and more than Alternatives 1 and 3. These differ-
ences in impacts are primarily due to the different ratios of the various water
handling options that would be applied under each aternative. There would be no
differences in the effects of containment, LAD, or injection because these meth-
ods are only applied in upland locations, not in wetland/riparian areas. There
would be fewer surface discharge locations and more infiltration reservoirs under
Alternatives 2A and 2B, when compared with Alternative 1. This difference
would result in greater impacts to wetland/riparian areas where these reservoirs
are constructed in bottomland locations. Alternative 2A has a greater proportion
of infiltration reservoirs than Alternative 2B, meaning that more wetland/riparian
areas would potentially be impacted by Alternative 2A than by Alternative 2B.

Indirect Effects

Similar indirect impacts would occur to wetland/riparian areas as described under
Alternative 1, athough the amount of impact would be different. Both Alterna-
tive 2A and 2B would result in potentially lessindirect impact to wetland/riparian
areas than would Alternatives 1, but more than Alternative 3. Impacts would be
reduced because of the smaller amount of surface discharge of produced water.
Alternative 2B would result in the surface discharge of substantially more water
than would Alternative 2A, athough the total amount would still be substantially
lessthan for Alternative 1.

Alternative 3

Direct Effects

Approximately 6,678 acres (2.7 percent of the wetland/riparian areas in the Pro-
ject Area) of wetland/riparian vegetation would be directly disturbed (Table 4—
28) in the short-term. Direct disturbance would occur across four wet-
land/riparian vegetation types, including forested riparian, shrubby riparian, wa-
ter, and wet meadow. Direct short-term disturbance of wetland/riparian vegeta-
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tion would occur in nine of the 18 sub-watersheds within the Project Area (Table
4-29).

Long-term disturbance would till occur in the same four vegetation types as
would short-term disturbance, but the total areathat remained disturbed would be
less (3,202 acres or 1.3 percent of the wetland/riparian areas in the Project Ared).
Tota long-term disturbance by land ownership type is shown in Table 4-30.
Long-term disturbance would also occur in nine of the 18 sub-watersheds, but
again in lesser amounts. The extent of long-term disturbance in each sub-
watershed is shown in Table 4-31. Alternative 3 would result in the lowest level
of short- and long-term direct impacts to wetland/riparian areas compared with
Alternatives 1, 2A, or 2B. This difference in impacts is primarily due to the
smaller number of wells that would be drilled under this alternative. The propor-
tion of different water handling methods under Alternative 3 would be most simi-
lar to Alternative 1 and substantially different than Alternatives 2A and 2B (Ta
bles 2-32 and 2-33). The greater proportion of surface discharge would poten-
tially result in greater effects to wetland/riparian areas, however, the total poten-
tial impacts to wetland/riparian areas would be less than the three other aterna-
tives because the total number of wells utilizing surface discharge as the water
handling method would be less.

Indirect Effects

Implementation of Alternative 3 would increase the potential for the occurrence
of indirect effects to wetland/riparian areas within the Project Area, although to a
lesser degree than Alternatives 1 and 2. Indirect effects to wetland/riparian areas
would occur in nine of the 18 sub-watersheds. Ten out of eighteen sub-
watersheds would also be indirectly affected specifically due to water discharge.

No new mitigation measures (such as those that would be applied under Alterna-
tives 1, 2A, and 2B) would be applied to wetland/riparian areas under Alternative
3 because there would be no federal action. Existing regulations that protect wet-
land/riparian areas, such as the Clean Water Act, would continue to be enforced.
Because the additional mitigation measures discussed under the other alternatives
would only apply to new wells subject to federal action and not to state or private
wells, the potentia for indirect effects to wetland/riparian areas from state and
private wells would not change under Alternative 3. Only the potential indirect
effects from federal wellswould be removed.

Cumulative Effects

Implementation of the alternatives would contribute to cumulative effects on wet-
land/riparian areas in the Project Area. Development in wetland and riparian
habitats would generally be avoided within the Project Area. Cumulative effects
to wetland/riparian vegetation are included in the total effects to vegetation as
shown in Table 4-32 and Table 4-33. Much of the discussion of cumulative ef-
fects to vegetation is a so relevant to wetland/riparian areas. Coal, uranium, sand,
gravel, and scoria mining; ranching; agriculture; road and railroad construction;
and rura and urban development are likely to have some effect on wet-
land/riparian areas. Projects generally attempt to avoid wetland/riparian areas,

4-138 PRB O & G DEIS



Chapter 4 — Environmental Consequences

but some types of projects, especialy those that are linear in nature, cannot avoid
all impactsto these sensitive resources.

As with vegetation, cumulative effects would occur to wetland/riparian resources
as aresult of indirect impacts. Certain types of development, including CBM de-
velopment, would have the potentia to ater the hydrology of riparian and wet-
land areas, possibly to the extent that habitat currently suitable for some plant and
wildlife species would become unsuitable. Following closure and reclamation of
wells, ateration of surface hydrology would cease and water regimes would re-
turn to existing conditions. The presence of noxious weeds may increase, thus
displacing native vegetation and hindering reclamation efforts. As a result,
changes in wetland and riparian area distribution, function, and biodiversity may
occur.

Wildlife

The principa effects to terrestrial wildlife likely to be associated with the Project
may include: 1) disturbance effects (including raptors, sage grouse, sharp-tailed
grouse, deer, ek, antelope, and waterfowl) by human activity; 2) the loss of cer-
tain habitats, particularly big game crucia winter ranges, 3) habitat fragmenta-
tion (particularly through construction of roads and well pads); 4), the introduc-
tion of new perches for raptors and thus potential increase in local predation rates
on other wildlife species; 5) an increase in hunting pressure; 6) an increase in
wildlife harassment; and 7) Project-induced increases in mortality (e.g., poach-
ing, trapping, poisoning, roadkills, raptor collision, raptor electrocution). The
magnitude of effects to wildlife resources would depend on a humber of factors
including the recommended and required mitigation measures.

Direct disturbance of wildlife habitats would occur in each sub-watershed and
under each aternative. In an effort to return habitats to wildlife use, unused por-
tions of well sites would be reclaimed during the production phase. Following the
end of the production phase, well field and ancillary facilities would be removed
and disturbed areas reclaimed. Seed mixes approved by the appropriate agency,
many of which are intended to be beneficial to wildlife species, would be used to
revegetate abandoned well pads and areas occupied by ancillary facilities. The
amount of time these lands are unsuitable as wildlife habitats is variable and may
depend on one or more of the following: productive well life-span, mitigation
success, reclamation techniques, and local weather conditions. Reclamation of
habitats dominated by grasses and forbs is expected to be successful within sev-
eral years; habitats dominated by shrubs and trees may take 8 to 20 years or more
to successfully re-establish. Consequently, the disturbance of forest and shrub
habitats would represent along-term loss beyond the end of the production phase
to those species that depend on such vegetation for forage or shelter. In addition,
an unknown percentage of roads would not be reclaimed, resulting in permanent
loss of wildlife habitats.

Indirect effects, including the displacement of wildlife, would occur in varying
degrees during construction, production, and reclamation phases of the Project.
In response to the increased levels of human activity, equipment operation, ve-
hicular traffic, and noise associated with al phases of the Project, wildlife would
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avoid areas of these activities and utilize other locations. This avoidance would
result in the under-utilization of otherwise suitable habitats; therefore the val ue of
these habitats would be diminished. The displacement of wildlife from disturbed
areas may also lead to the over-utilization of suitable habitats, increasing compe-
tition for limited resources in these areas and potentially leading to increased
mortality. Additionally, wildlife distribution patterns would be atered. The de-
gree of habitat avoidance would vary among species and among individuals of
any particular species.

Mitigation measures expected to eliminate or minimize potential effects to wild-
life species are provided at the end of this chapter and/or in Chapter 5 and Ap-
pendices C and D.

Alternative 1

Water handling methods under this Alternative would affect 33,808 acres in ten
of the 18 watersheds within the Project Area. In total, Alternative 1 would in-
clude 213,115 and 109,922 acres of short- and long-term disturbance, respec-
tively. In comparison, these values are less than estimates for Alternatives 2A
and 2B, and more than for Alternative 3.

There are severa options for handling CBM produced waters including treated
surface discharge, untreated surface discharge, infiltration, impoundment, LAD,
and injection. Any of these options would result in additional short- and long-
term disturbance to wildlife habitats in the Project Area. Because the location of
these facilities is not known, the wildlife habitats to be affected are aso un-
known. All of the following water handling options may directly disturb wildlife
habitats within the Project Area.

Where surface discharge is sel ected as the water handling option, produced water
from CBM wells would be gathered for surface discharge, feeding a small flow-
through stock reservoir or discharging directly to a nearby surface drainage. Sur-
face discharge associated with Alternative 1 would cause direct disturbance to
7,296 acres of wildlife habitats.

Where impoundment (i.e., no surface discharge and minimal infiltration) is se-
lected as the water handling option, large containment reservoirs would be con-
structed. Impoundment associated with Alternative 1 would cause direct distur-
bance to 6,293 acres of wildlife habitats.

Where LAD is selected as the water handling option, disposal of CBM produced
water would likely be accomplished using a disposal-rest rotation cycle consist-
ing of disposal, soil amendment, rest, disposal, etc., until the limitations of re-
peated soil amendments are reached and the site reclaimed. Direct affects to
wildlife habitats at LAD sites would result in direct disturbance of 1,780 acres.

Where infiltration is selected as the water handling option, infiltration impound-
ments of varying sizes would be constructed. Produced water from CBM wells
would be gathered in each impoundment. Bore holes and trench-type excavations
would enhance infiltration, and evaporation would be enhanced through the use
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of atomizers placed on towers situated on floating islands. Direct affects to wild-
life habitats at infiltration sites would result in direct disturbance of 14,566 acres.

Where injection is selected as the water handling option, produced water from
CBM wells would be gathered for injection at an injection well facility site. Di-
rect affects to wildlife habitats at injection sites would result in direct disturbance
of 3,873 acres.

Terrestrial Species

Big Game

The following text presents potential direct and indirect effects to big game
within the Project Area. This information includes the identification of effect
types and their potential effects to big game. Much of the following information
is restricted to a qualitative analysis due to the lack of data relevant to the poten-
tial effect types and species. As an exception, existing habitat and range data
were used to develop potential disturbance acres for each big game species by
surface owner and sub-watershed.

Pronghorn
Direct and Indirect Effects

Direct and indirect effects to pronghorn and their ranges may occur as the result
of activities proposed under Alternative 1. Direct effects resulting from construc-
tion of proposed CBM wells, compressors, non-CBM wells, and associated water
handling methods were estimated by applying facility-specific disturbance fac-
tors to the proposed number of each facility type. These facility-specific distur-
bances were then summed and used to estimate the potential number of acres dis-
turbed for each range type. Estimated disturbances to each range type are pre-
sented by surface owner and sub-watershed in Table 4-34 and Table 4-35. Esti-
mates of disturbance acres from water handling methods were available for range
disturbance by sub-watershed (Table 4-36).

Table4-34 Direct Short-term and L ong-term Effectsto Pronghorn Ranges by
Surface Owner — Alternative 1

Surface Owner (acres)

BLM

BFO BFO FS State Private Total

5 g &5 2 5 2 5 2 5 2 5 2
Range & T, & 2 5 3 & 3 o 3
Severe Winter 0 0 0 0 39 32 0 0 17 14 14 46
Crucia Winter 0 0 0 0 0 0 0 0 0 0 0 0
Y earlong
Winter 1,532 582 0 0 0 0 621 261 4,860 2,205 13919 3,048
Winter Y earlong 4,359 1,620 17 14 1,135 491 2,693 1,122 57572 22,609 143,025 25,856
Y earlong 13,330 5,099 39 32 9,199 3,734 12,843 4,797 114,137 43,270 325,388 56,932
Spring, Summer, Fall 102 41 17 14 0 0 11 9 969 387 2,309 451
Total 19,323 7,342 73 60 10,373 4,257 16,168 6,189 177,555 68,485 484,655 86,333
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Habitat Disturbance

There are approximately seven million acres of pronghorn range in the Project
Area. Direct disturbance to pronghorn ranges would result from construction of
well pads, compressor stations, associated utility corridors, access roads and wa-
ter handling features, as outlined in Chapter 2 of this document. Disturbance to
pronghorn ranges from project activities would result in the localized reduction
of available forage and increased fragmentation of existing contiguous habitats.
The concentration of potentia disturbance would be variable but is not expected
to result in the alteration of seasonal habitat use or herd movements of pronghorn
within the Project Area.

Approximately 75,113 acres of yearlong range would be disturbed during the life
of the project (e.g., long-term). This total represents the single largest total acre-
age for the six types of pronghorn ranges that would be disturbed under this al-
ternative. The single largest percentage of long-term effects to pronghorn range
would occur in winter range, where approximately 3,992 acres of atotal 156,961
acres (three percent) would be disturbed. Pronghorn winter range occurs in the
Upper, Middle, and Lower Powder River sub-watersheds and is typically domi-
nated by sagebrush shrublands, coniferous forests, and agricultural lands. Ap-
proximately two percent of winter-yearlong and yearlong ranges would be dis-
turbed during the life of the project. These pronghorn ranges occur throughout
most of the sub-watersheds in the Project Area and are typically dominated by
short- and mixed-grass prairie and sagebrush shrubland habitats. Pronghorn cru-
cia winter-yearlong range (145 acres in Project Area) is restricted to the Middle
North Platte River sub-watershed and would not be disturbed by actions pro-
posed under Alternative 1. The loss of suitable pronghorn habitats would not
likely result in adverse effects to seasonal habitat use or herd movements or con-
dition because of the availability of suitable habitat throughout the Project Area.
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Table4-35 Direct Short-term and Long-term Effectsto Pronghorn Ranges by Sub-water shed — Alternative 1
Pronghorn Ranges (acres)
Severe Crucial Winter Winter Yearlong Y earlong Spring, Summer, Fall Total

£ £ £ £ £ = £ = £ £ £ = £ £

5 5 5 3 53 3 3 E 5 sz B 3 5 3

5 2 5 2 5 2 5 2 5 2 5 2 5 2
Sub-watershed o 2 o 2 o it 02 it o 2 o it o ot
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 1,396 646 16,047 7,591 0 0 17,444 8,238
Middle Fork Powder 0 0 0 0 0 0 44 36 6 5 28 23 78 64
North Fork Powder 0 0 0 0 0 0 0 0 6 5 0 0 6 5
Upper Powder 0 0 0 0 6,495 2958 29,752 13446 39,725 17,810 6 5 75978 34,219
South Fork Powder 0 0 0 0 0 0 0 0 17 14 0 0 17 14
Salt Creek 0 0 0 0 0 0 414 161 215 109 28 23 657 293
Crazy Woman Creek 0 0 0 0 0 0 6 5 18621 7,958 0 0 18627 7,963
Clear Creek 0 0 0 0 0 0 3,139 1,543 16,222 7,972 0 0 19360 9,514
Middle Powder River 0 0 0 0 297 153 0 0 4,697 2,228 1,187 551 6,181 2,932
Little Powder River 0 0 0 0 1,164 881 10,782 5281 15,706 8,007 0 0 27651 14,168
Little Missouri 0 0 0 0 0 0 17 14 435 356 0 0 452 370
Antelope Creek 28 23 0 0 0 0 2,165 817 43218 16,393 0 0 45411 17,233
Dry Fork Cheyenne 28 23 0 0 0 0 50 41 193 158 0 0 271 222
Upper Cheyenne 0 0 0 0 0 0 1,613 755 2,178 1,061 0 0 3,792 1,817
Lightning Creek 0 0 0 0 0 0 22 18 248 203 0 0 270 221
Upper Belle Fourche 0 0 0 0 0 0 26339 13,085 10,159 5,192 0 0 36498 18277
Middle North Platte Casper 0 0 0 0 0 0 148 122 61 50 0 0 209 172
Total 56 46 0 0 7,956 3992 75887 35970 167,755 75113 1,249 602 252,903 115,723
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Table 4-36 Pronghorn Water Handling Disturbance Acres by Sub-water shed — Alternative 1

Spring, Summer, Fall Winter Winter Y earlong Y earlong Total
H,O Handling
H,0O Handling No. of H.O Handling H.O Handling H.O Handling Disturbance

Sub-watershed No. of wells  Disturbance Acres wells Disturbance Acres No. of wells  Disturbance Acres  No. of wells  Disturbance Acres  No. of wells Acres
Little Bighorn 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 186 224 2,280 2,747 2,466 2,972
Middle Fork Powder 0 0 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0 0 0
Upper Powder River 0 0 1,362 892 5,861 3,839 7,741 5,070 14,964 9,801
South Fork Powder 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 12 11 6 5 18 16
Crazy Woman

Creek 0 0 0 0 0 0 2,922 2,104 2,922 2,104
Clear Creek 0 0 0 0 556 651 2,870 3,358 3,426 4,008
Middle Powder 182 149 46 38 0 0 655 537 883 724
Little Powder 0 0 18 15 846 694 1,128 925 1,992 1,633
Little Missouri 0 0 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 7 70 1,567 1,434 1,644 1,504
Dry Fork Cheyenne 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 242 221 291 266 533 488
Lightning Creek 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 4,225 4,394 1,651 1,717 5,876 6,111
Middle N Platte

Casper 0 0 0 0 0 0 0 0 0 0
Total 182 149 1,426 945 12,005 10,104 21,111 18,164 34,724 29,362
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These estimates of range disturbance apply to the entire life of the project. The
amount of range disturbance at any one time during project implementation
would be less than these estimates, because as new areas are disturbed by devel-
opment, other areas would be undergoing reclamation following development
that is completed.

Habitat Fragmentation

Habitat fragmentation may occur in some suitable pronghorn habitats from the
construction of project-related facilities (e.g., access roads). The extent of poten-
tial fragmentation is unknown because the precise location of project-related fa-
cilitiesis undetermined at thistime. The potential effects of habitat fragmentation
are dependent upon several factors, including current habitat condition and frag-
mentation, proximity of additional suitable habitats, degree of proposed distur-
bance and fragmentation, and local population size. Because these determinant
factors are largely unknown at this time, it is difficult to quantify the effects of
additional fragmentation. Pronghorn may avoid habitat that is otherwise suitable,
depending on the extent of the fragmentation. The effects of potential fragmenta-
tion would not likely adversely affect the pronghorn because of the widespread
occurrence and availability of suitable habitats throughout the Project Area.

Vehicle Collisions

Increased human activity as the result of project implementation may have sev-
era effects on pronghorn. Increased vehicle traffic is anticipated in association
with the congtruction, production, and reclamation/abandonment phases of the
Project. Quantifiable effects to pronghorn as the result of increased vehicle traffic
are not available; however, the potential for vehicle collisions with pronghorn is
expected to be directly correlated with the volume of traffic. Project-related traf-
fic volumes are expected to be greatest during the construction phase and gradu-
ally diminish in the production and reclamation/abandonment phases.

Human Disturbance

Pronghorn would potentially be temporarily displaced from suitable habitats in
areas of concentrated human activity. Displacement would likely be dependent
on the activity duration and intensity (i.e., drill rig operations versus survey
work). When displaced, pronghorn individuals would move to other adjacent
suitable habitats but may encounter competition for resources. Big game sensitiv-
ity to human disturbance is difficult to quantify, and, therefore, the potential dis-
tance and duration of displacement is not known at this time. Displacement due
to concentrations of human activity is not expected to cause serious detrimental
effects to pronghorn because human disturbance would likely be limited tempo-
rarily and spatially, and suitable undisturbed pronghorn habitats are available and
widespread throughout the Project Area.
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Diversion from Public to Privately Owned Lands

Project actions are proposed for lands owned by public agencies (e.g., BLM and
USFS), the State of Wyoming, and individual private owners. The magjority of
human activity associated with the Project would occur on privately owned lands,
with relatively little development of publicly owned lands. Pronghorn and other
wildlife utilize suitable habitats despite ownership boundaries. No known distri-
bution information relevant to land ownership is available for pronghorn. It is
possible in areas that receive relatively high hunting pressure on publicly owned
lands, that pronghorn may prefer suitable habitats on privately owned lands and
temporarily avoid otherwise suitable habitats on publicly owned lands. Under
such an assumption and if project activities occur in sufficient densities on pri-
vately owned lands, some pronghorn may not prefer habitats on privately owned
lands and thus remain on publicly owned lands. Issues relating to pronghorn and
other wildlife occurrence patterns on lands of different ownership (e.g., privately
owned versus publicly owned) and the potentia effects from project activities are
specul ative due to the undetermined density and local pattern of project activities,
including the effects of new access roads. The effects from new access roads is
difficult to quantify because road densities and lengths are dependent upon spe-
cific facility locations, which are undetermined at thistime.

Noise and Dust

Elevated noise levels associated with increased human activity and facility opera-
tions may affect pronghorn. Elevated noise levels may deter pronghorn from util-
izing localized areas of suitable habitat. The effects of project-related noise levels
to pronghorn would depend upon the occurrence pattern and intensity of pro-
duced noise. Pronghorn responses may vary from tolerance to avoidance of af-
fected habitats. Due to the availability of alternate suitable pronghorn habitats
throughout much of the Project Area, localized elevated noise levels are not ex-
pected to result in decreased condition or an increased mortality rate of prong-
horn in the Project Area.

The generation and deposition of dust on suitable pronghorn forage may occur
along existing and new roads within the Project Area. The accumulation of dust
on suitable pronghorn forage would likely be limited to habitats immediately ad-
jacent to unimproved roads and represent a relatively small fraction of the total
available forage within a typical pronghorn range. The loss of potential forage
due to the accumulation of dust would not affect the survivability or condition of
pronghorn individuals or populations.

Water Handling

The proportion of different water handling methods varies across sub-watersheds
(refer to Chapter 2 for details). The number of proposed CBM wells by alterna-
tive can be used to estimate the associated disturbance to big game ranges by wa-
ter handling methods. Under Alternative 1, the total number of proposed CBM
wells within pronghorn ranges is 34,724, of which more than 21,111 wells (60
percent) occur in pronghorn yearlong range. Approximately 32,685 acres would
be disturbed by water handling methods under this alternative (Table 4-36).
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Construction of water handling facilities would likely occur in upland situations;
however, the exact location and habitat type for these facilities is currently unde-
termined. Because sagebrush shrublands and short- and mixed-grass habitats are
the most common and widely distributed habitat types within the Project Area, it
is assumed these habitat types would experience the mgjority of disturbance as-
sociated with the construction of water handling facilities (refer to the vegetation
section of this chapter). The destruction of suitable pronghorn habitats following
the construction of various water handling facilities may have both positive and
negative effects to pronghorn. The loss of suitable habitats due to the construc-
tion of water handling facilities would not limit the occurrence or availability of
these habitats over the home range of individual pronghorn, which can vary be-
tween 407 and 5,683 acres (Clark and Stromberg 1987). The relative amount of
habitat 1oss would be outweighed by the availability and widespread occurrence
of suitable habitat throughout the Project Area. The operation of water handling
facilities under this aternative may provide pronghorn and other wildlife with
additional drinking water resources and may increase the amount of forage avail-
ablein wetland and riparian areas that expand in response to surface discharge of
produced water. As fully described in Chapter 2, water quality is strictly con-
trolled by the NPDES permitting process. Water that may be available to wildlife
and livestock would meet all NPDES permitting requirements and, therefore,
would not be expected to be harmful to pronghorn. The distribution of existing
water resources combined with the distribution of new water handling facilities
would not result in concentrations of big game or other wildlife to the extent that
it would be detrimental to wildlife (e.g., disease vectors) or wildlife habitats. Al-
though water handling facilities would not be specifically intended for big game
or wildlife use, these facilities would be designed and constructed to avoid poten-
tial entrapment or drowning risks.

White-tailed Deer
Direct and Indirect Effects

Direct and indirect effects to white-tailed deer and their ranges may occur as the
result of activities proposed under Alternative 1. Quantification of potential di-
rect effects resulting from proposed CBM wells, compressors, non-CBM wells,
and associated water handling methods were estimated by applying facility-
specific disturbance factors to the proposed number of each facility type. These
facility-specific disturbances were then summed and used to estimate the poten-
tial number of acres disturbed for each range type. Estimated disturbances to
each range are presented by surface owner and sub-watershed in Table 4-37 and
Table 4-38, respectively. Estimates of disturbance acres from water handling
methods were available for range disturbance by sub-watershed (Table 4-39).
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Table 4-37 Direct Short-term and Long-term Effects to White-tailed
Deer Ranges by Surface Owner — Alternative 1

Surface Owner (acres)

BLM

BFO CFO FS State Private Tota

£ = E E E E E E € = € £

g 3 £ 3 8 3 &% g & T 3

$§ P fP:P L2 : P : £
Range b3 5 3 6 9 & S n 9 & 3
Yearlong 609 246 0 0 116 59 1837 669 13516 5340 16,078 6,314
Winter Yearlong 39 32 0O 0 O 0 © 0 32 78 64
Tota 648 278 0 0 116 59 1,837 669 13,516 5372 16,156 6,378

Table 4-38 Direct Short-term and Long-term Effects To White-tailed
Deer Ranges by Sub-watershed — Alternative 1

White-tailed Deer Ranges

Winter Yearlong Y earlong Tota

IS € S € £ IS

E g & 5 B 3

5 25 2 5 2
Sub-watershed 2 - o - o -
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 0 0 6,339 2,983 6,339 2,983
Middle Fork Powder River 0 0 17 14 17 14
North Fork Powder River 0 0 0 0 0 0
Upper Powder River 0 0 4,089 1,821 4,089 1,821
South Fork Powder River 0 0 6 5 6 5
Salt Creek 0 0 0 0 0 0
Crazy Woman Creek 0 0 1,013 428 1,013 428
Clear Creek 0 0 5,033 2,433 5,033 2,433
Middle Powder River 39 32 107 53 145 84
Little Powder River 0 0 1,834 1,157 1,834 1,157
Little Missouri River 0 0 0 0 0 0
Antel ope Creek 0 0 250 98 250 98
Dry Fork Cheyenne River 0 0 11 9 11 9
Upper Cheyenne River 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche River 0 0 180 115 180 115
Middle North Platte Casper 0 0 0 0 0 0
Tota 39 32 18,895 9,129 18,933 9,160
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Table4-39  White-tailed Deer Water Handling Distur bance Acres by
Sub-watershed — Alternative 1

Y earlong Total
No. of H,O Handling H,O Handling
Sub-watershed wells Disturbance Acres  No. of wells Disturbance Acres
Little Bighorn 0 0 0 0
Upper Tongue River 863 1040 863 1,040
Middle Fork Powder 0 0 0 0
North Fork Powder 0 0 0 0
Upper Powder River 806 528 806 528
South Fork Powder 0 0 0 0
Salt Creek 0 0 0 0
Crazy Woman Creek 156 112 156 112
Clear Creek 881 1,031 881 1,031
Middle Powder 18 15 18 15
Little Powder 72 59 72 59
Little Missouri 0 0 0 0
Antelope 9 8 9 8
Dry Fork Cheyenne 0 0 0 0
Upper Cheyenne 0 0 0 0
Lightning Creek 0 0 0 0
Upper Belle Fourche 19 20 19 20
Middle N Platte Casper 0 0 0 0
Total 2,824 2,813 2,824 2,813

Habitat Disturbance

There are approximately 765,647 acres of white-tailed deer range in the Project
Area. Direct disturbance to white-tailed deer ranges would result from construc-
tion of well pads, compressor stations, associated utility corridors, access roads
and water handling features, as outlined in Chapter 2 of this document. Distur-
bance to white-tailed deer ranges from Project activities would result in the local-
ized reduction of available forage. The concentration of potential disturbance
would be variable but is not expected to result in the alteration of seasonal habitat
use or herd movements of white-tailed deer within the Project Area.

An estimated 9,160 acres of white-tailed deer winter yearlong and yearlong
ranges would be directly disturbed under this alternative. Approximately 9,129
acres of yearlong range would be disturbed during the life of the Project (e.g.,
long-term), accounting for approximately 99 percent of the total disturbance to
white-tailed deer ranges in the Project Area. White-tailed deer yearlong range
occurs in nearly al of the sub-watersheds included within the Project Area.
White-tailed deer yearlong range is typically associated with stream and river
bottoms and dominated by wet meadow, and short- and mixed-grass prairie. Less
than one percent of white-tailed winter yearlong range would be disturbed under
this alternative. This range occurs in the Middle Powder River sub-watershed and
is dominated by short- and mixed-grass prairie, coniferous forest, and wet
meadow. No white-tailed deer crucial winter range was identified within the Pro-
ject Area. The total estimate of long-term disturbance to white-tailed deer ranges
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i$9,160 acres, or approximately 14 percent of the total available white-tailed deer
range within the Project Area. The loss of suitable white-tailed deer habitats
would not likely result in adverse effects to seasonal habitat use, herd movements
or herd condition because of the availability of suitable habitat throughout the
Project Area.

These estimates of range disturbance include the entire life of the Project. The
amount of range disturbance at any one time during project implementation
would be less than these estimates, due to the phased nature of development (i.e.,
as new areas are disturbed by development, other areas would be undergoing rec-
lamation).

Habitat Fragmentation

Habitat fragmentation may occur in some suitable white-tailed deer habitats from
the construction of project-related facilities (e.g., access roads). The intensity of
potential fragmentation is unknown because the precise location of project facili-
ties is undetermined at this time. The potential effects of habitat fragmentation
are dependent upon severa factors, including current habitat condition and frag-
mentation, proximity of additional suitable habitats, degree of proposed distur-
bance and fragmentation, and local population size. Because these determinant
factors are largely unknown, it is difficult to quantify the effects of additional
fragmentation. White-tailed deer may avoid habitat that is otherwise suitable,
depending on the extent of fragmentation.

Vehicle Callisions

Increased vehicle traffic within the Project Area would likely result in an in-
creased frequency of vehicle collisions with big game and other wildlife. Quanti-
fiable effects to white-tailed deer as the result of increased vehicle traffic are not
available; however, the potential for vehicle collisions with white-tailed would be
correlated with the volume and frequency of vehicle traffic. Project-related traffic
volumes are expected to be greatest during the construction phase and gradually
diminish in the production and reclamation/abandonment phases.

Human Disturbance

White-tailed deer would potentialy be temporarily displaced from suitable habi-
tats in areas of concentrated human activity. Displacement would likely be de-
pendent on the activity duration and intensity (i.e., drill rig operations versus sur-
vey work). When displaced, white-tailed deer would move to other adjacent suit-
able habitats. Big game sensitivity to human disturbance is difficult to quantify,
nonetheless, compared to other big game species, white-tailed deer are less sensi-
tive to temporary or short-term human activities, and therefore, the potential dis-
tance and duration of displacement is expected to be more than other big game
species. Displacement due to concentrations of human activity are not expected
to cause detrimental effects to white-tailed deer because human disturbance
would likely be limited temporarily and spatially, and suitable white-tailed deer
habitats are available.
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Diversion from Public to Privately Owned Lands

Project actions are proposed for lands owned by public agencies (e.g., BLM and
USFS), State of Wyoming, and individual private owners. The majority of human
activity associated with the Project would occur on privately owned lands, with
relatively little development of publicly owned lands. White-tailed deer and other
wildlife utilize suitable habitats despite ownership boundaries. No known distri-
bution information relevant to land ownership is available for white-tailed deer. It
is possible in areas that receive relatively high hunting pressure on publicly
owned lands, that white-tailed deer may prefer suitable habitats on privately
owned lands and temporarily avoid otherwise suitable habitats on publicly owned
lands. Under such an assumption and if project activities occur in sufficient den-
sities on privately owned lands, some white-tailed deer may not prefer habitats
on privately owned lands and thus remain on publicly owned lands. Issues relat-
ing to white-tailed deer and other wildlife occurrence patterns on lands of differ-
ent ownership (e.g., privately owned versus publicly owned) and the potentia
effects from project activities are speculative due to the undetermined density
and local pattern of project activities, including the effects of new access roads.
The effects from new access roads is difficult to quantify because road densities
and lengths are dependent upon specific facility locations, which are undeter-
mined at thistime.

Noise and Dust

Elevated noise levels associated with increased human activity and facility opera-
tions may affect white-tailed deer. Elevated noise levels may deter white-tailed
deer from utilizing localized areas of suitable habitat. The effects of Project-
related noise levels to white-tailed deer would depend upon the occurrence pat-
tern and intensity of produced noise. White-tailed deer responses may vary from
tolerance to avoidance of local habitats. Due to the availability of aternate suit-
able white-tailed deer habitats throughout much of the Project Area, localized
elevated noise levels are not expected to result in decreased condition or an in-
creased mortality rate of white-tailed deer in the Project Area.

The generation and deposition of dust on suitable white-tailed deer forage may
occur along existing and new access roads within the Project Area. The accumu-
lation of dust on suitable white-tailed deer forage would likely be limited to habi-
tats immediately adjacent to unimproved roads and represent a relatively small
fraction of the total available forage within atypical white-tailed deer range. The
loss of potential forage due to the accumulation of dust would not affect the sur-
vivability or condition of white-tailed deer individuals or populations.

Water Handling

The proportion of different water handling methods varies across sub-watersheds
(refer to Chapter 2 for details). The number of proposed CBM wells by aterna-
tive can be used to estimate the associated disturbance to big game ranges by wa-
ter handling methods. Under Alternative 1, the total number of proposed CBM
wells within white-tailed deer ranges is 2,824, of which more than all occur
within white-tailed deer yearlong range. No proposed wells, under this alternative
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occur in winter yearlong range. Approximately 2,813 acres would be disturbed
by water handling methods under this alternative (Table 4-39).

Construction of water handling facilities would likely occur in upland situations;
however, the exact location and habitat type for these facilities is currently unde-
termined. Because sagebrush shrublands and short- and mixed-grass habitats are
the most common and widely distributed habitat types within the Project Area, it
is assumed these habitat types would experience the mgjority of disturbance as-
sociated with the construction of water handling facilities (refer to the vegetation
section of this chapter). The destruction of suitable white-tailed deer habitats fol-
lowing the construction of various water handling facilities may have both posi-
tive and negative effects to white-tailed deer. The loss of suitable habitats due to
the construction of water handling facilities would not limit the occurrence or
availability of these habitats over the home range (approximately 19 acres; Fitz-
gerald et al., 1994). The relative amount of habitat loss would be outweighed by
the availability and widespread occurrence of suitable habitat throughout the Pro-
ject Area. Some methods of water handling facilities under this aternative may
provide white-tailed deer and other wildlife additional drinking water resources
and may increase the amount of forage available in wetland and riparian areas
that expand in response to surface discharge of produced water. As fully de-
scribed in Chapter 2, water quality is strictly controlled by the NPDES permitting
process. Water that may be available to wildlife and livestock would meet all
NPDES permitting requirements and, therefore, would not be expected to be
harmful. Existing water availability conditions would influence the potentia for
big game concentrations to occur or increase at newly constructed water handling
facilities. The distribution of existing water resources combined with the distribu-
tion of new water handling facilities would not result in concentrations of big
game or other wildlife to the extent that it would be detrimenta to wildlife (e.g.,
disease vectors) or wildlife habitats. Although water handling facilities would not
be specifically intended for big game or other wildlife use, these facilities would
be designed and constructed to avoid potential entrapment or drowning risks.

Mule Deer
Direct and Indirect Effects

Direct and indirect effects to mule deer and their ranges may occur as the result
of activities proposed under Alternative 1. Direct effects resulting from construc-
tion of proposed CBM wells, compressors, non-CBM wells, and associated water
handling methods were estimated by applying facility-specific disturbance fac-
tors to the proposed number of each facility type. These facility-specific distur-
bances were then summed and used to estimate the potential number of acres dis-
turbed for each range type. Estimates of disturbance acres from water handling
methods were available for range disturbance by sub-watershed but were not
available by surface owner. Estimated disturbances to each range type are pre-
sented by surface owner and sub-watershed in Table 440 and Table 4-41.
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Table 440 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Surface Owner — Alternative 1

Surface Owner (acres)

BLM
BFO CFO FS State Private Totd
£ £ E E E E E £ £ £ IS €
T & © s &8 & ¥ & 8 & 8
5 P 592 5% 5 P 5 g 5 ¢
Range » S b 3 6 3 6 3 & 3 & 3
Winter 17,679 6.321 0 © 52 18 8,230 2905 73,676 26,244 99,63735,488
Yearlong
Y earlong 8,107 2,901 0 0 2218 795 4,690 0 68,613 24,848 83,62830,206
Total 25,786 9,222 0 0 2270 813 12,920 2,905 142,289 51,092 183,26565,694

Table4-41 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Sub-water shed — Alternative 1

Mule Deer Ranges

Winter Y earlong Y earlong Total

£ IS £ IS £ £

5 5 13 5 5 5

: 5 5 2
Sub-watershed 9 5 9 & 9
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 18,025 8,447 1,101 1,090 19,126 9,537
Middle Fork Powder River 0 17 14 17 14
North Fork Powder River 0 0 0 0 0 0
Upper Powder River 56,803 25,109 29,272 10,742 86,075 35,851
South Fork Powder River 0 0 6 5 6 5
Salt Creek 985 357 144 1,369 1,129 1,726
Crazy Woman Creek 11,869 4,183 4,689 1,724 16,558 5,907
Clear Creek 14,817 5,245 2,884 1,708 17,701 6,953
Middle Powder River 4,531 2,031 1,394 508 5,925 2,539
Little Powder River 3,095 1,093 13,324 5,215 16,419 6,308
Little Missouri River 0 0 0 0 0 0
Antelope Creek 770 279 20,789 7,293 21,559 7,572
Dry Fork Cheyenne River 0 0 11 9 11 9
Upper Cheyenne River 0 0 1,076 406 1,076 406
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche River 0 0 11,873 4,260 11,873 4,260
Middle North Platte Casper 0 0 0 0 0 0
Total 110,895 46,743 86,596 34,356 197,491 81,099
L |

Habitat Disturbance

There are approximately 7,193,380 acres of mule deer range in the Project Area,
including winter yearlong, yearlong, and spring/summer/fall ranges. Direct dis-
turbance to the various types of mule deer ranges would result from construction
of well pads, compressor stations, associated utility corridors, access roads and
water handling features, as outlined in Chapter 2 of this document. Disturbance
to mule deer ranges from Project activities would result in the localized reduction
of available forage and increased fragmentation of existing contiguous habitats.
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The concentration of potentia disturbance would be variable but is not expected
to result in the ateration of seasonal habitat use or herd movements of mule deer
within the Project Area.

Approximately 81,099 acres of mule deer range would be disturbed during the
life of the Project (e.g., long-term). Approximately 46,743 acres of disturbance
would occur in mule deer winter yearlong range that represents approximately 58
percent of the total disturbance. Mule deer winter yearlong range occurs in most
sub-watersheds within the Project Area, except the Upper Belle Fourche River
and Upper Cheyenne River sub-watersheds and is typically dominated short- and
mixed-grass prairie, sagebrush shrubland, and other shrubland. Approximately
two percent of winter-yearlong would be disturbed during the life of the Project.
Approximately 34,356 acres, or one percent, of mule deer yearlong range would
be disturbed during the life of the Project. Mule deer yearlong range occurs in
nearly al of the sub-watersheds throughout the Project Area and is typically
dominated by short-grass prairie, sagebrush shrublands, and mixed-grass prairie.
Mule deer spring/summer/fall range (127,819 acres in Project Area) is restricted
to the Middle Fork Powder River sub-watershed and would not be disturbed by
actions proposed under Alternative 1. The loss of suitable mule deer habitats
would not likely result in adverse effects to seasonal habitat use or herd move-
ments or condition because of the availability of suitable habitat throughout the
Project Area.

These estimates of range disturbance apply to the entire life of the Project. The
amount of range disturbance at any one time during project implementation
would be less than these estimates, because as new areas are disturbed by devel-
opment other areas would be undergoing reclamation following development that
is completed.

Habitat Fragmentation

Habitat fragmentation may occur in some suitable mule deer habitats from the
construction of project-related facilities (e.g., access roads). The extent of poten-
tial fragmentation is unknown because the precise location of project-related fa-
cilitiesis undetermined at thistime. The potential effects of habitat fragmentation
are dependent upon severa factors including existing habitat condition and frag-
mentation, proximity of additional suitable habitats, degree of proposed distur-
bance and fragmentation, and local population size. Because these determinant
factors are largely unknown at this time, it is difficult to quantify the effects of
additional fragmentation. Mule deer may avoid habitat that is otherwise suitable,
depending on the extent of fragmentation. The effects of potential fragmentation
would not likely adversely affect the mule deer because of the widespread occur-
rence and availability of suitable habitats throughout the Project Area.

Vehicle Collisions

Increased human activity as the result of project implementation may have sev-
era effects on mule deer. Increased vehicle traffic is anticipated in association
with the construction, production, and reclamation/abandonment phases of the
Project. Quantifiable effects to mule deer as the result of increased vehicle traffic
are not available; however, the potentia for vehicle collisions with mule deer is
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expected to be directly correlated with the volume of traffic. Project-related traf-
fic volumes are expected to be greatest during the construction phase and gradu-
ally diminish in the production and reclamation/abandonment phases.

Human Disturbance

Mule deer would potentialy be temporarily displaced from suitable habitats in
areas of concentrated human activity. Displacement would likely be dependent
on the activity duration and intensity (i.e., drill rig operations versus survey
work). When displaced, mule deer would move to other adjacent suitable habi-
tats. Big game sensitivity to human disturbance is difficult to quantify, nonethe-
less, compared to some other big game species, mule deer are less sensitive to
temporary or short-term human activities, and therefore, the potential distance
and duration of displacement is expected to be more than other big game species.
Displacement due to concentrations of human activity are not expected to cause
detrimental effects to mule deer because human disturbance would likely be lim-
ited temporarily and spatially, and suitable mule deer habitats are available.

Diversion from Public to Privately Owned Lands

Project actions are proposed for lands owned by public agencies (e.g., BLM and
USFS), the State of Wyoming, and individua private owners. The mgjority of
human activity associated with the Project would occur on privately owned lands,
with relatively little development of publicly owned lands. Mule deer and other
wildlife utilize suitable habitats despite ownership boundaries. No known distri-
bution information relevant to land ownership is available for mule deer. It is
possible in areas that receive relatively high hunting pressure on publicly owned
lands, that mule deer may prefer suitable habitats on privately owned lands and
temporarily avoid otherwise suitable habitats on publicly owned lands. Under
such an assumption and if project activities occur in sufficient densities on pri-
vately owned lands, some mule deer may not prefer habitats on privately owned
lands and thus remain on publicly owned lands. Issues relating to mule deer and
other wildlife occurrence patterns on lands of different ownership (e.g., privately
owned versus publicly owned) and the potentia effects from project activities are
specul ative due to the undetermined density and local pattern of project activities,
including the effects of new access roads. The effects from new access roads is
difficult to quantify because road densities and lengths are dependent upon spe-
cific facility locations, which are undetermined at thistime.

Noise and Dust

Elevated noise levels associated with increased human activity and facility opera-
tions may affect mule deer. Elevated noise levels may deter mule deer from util-
izing localized areas of suitable habitat. The effects of Project-related noise levels
to mule deer would depend upon the occurrence pattern and intensity of produced
noise. Mule deer responses may vary from tolerance to avoidance of affected
habitats. Due to the availability of alternative suitable mule deer habitats
throughout much of the Project Area, localized elevated noise levels are not ex-
pected to result in decreased condition or an increased mortality rate of mule deer
in the Project Area.
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The generation and deposition of dust on suitable mule deer forage may occur
along existing and new roads within the Project Area. The accumulation of dust
on suitable mule deer forage would likely be limited to habitats immediately ad-
jacent to unimproved roads and represent a relatively small fraction of the tota
available forage within a typical mule deer range. The loss of potential forage
due to the accumulation of dust would not affect the survivability or condition of
mule deer individuals or populations.

Water Handling

The proportion of different water handling methods varies across sub-watersheds
(refer to Chapter 2 for details). The number of proposed CBM wells by aterna-
tive can be used to estimate the associated disturbance to big game ranges by wa-
ter handling methods. Under Alternative 1, the total number of proposed CBM
wells within mule deer ranges is 17,628, of which more than 14,804 wells (84
percent of total) would occur in mule deer winter yearlong range. A total of ap-
proximately 14,027 acres would be disturbed in mule deer winter yearlong
(14,804 acres) and yearlong (2,813 acres) by water handling methods under this
alternative (Table 442).

Table 442 Mule Deer Water Handling Distur bance Acres by Sub-
water shed — Alternative 1
___________________________________________________________________________________________________|

Y earlong Winter Y earlong Total
H,O Handling H,O Handling H,O Handling
No.of  Disturbance  No. of Disturbance No. of Disturbance
Sub-watershed wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0
Upper Tongue River 863 1,040 2,589 3,120 3,452 4,160
Middle Fork Powder 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0
Upper Powder River 806 528 11,496 7,530 12,302 8,058
South Fork Powder 0 0 0 0 0 0
Salt Creek 0 0 31 28 0 0
Crazy Woman Creek 156 112 0 0 156 112
Clear Creek 881 1,031 0 0 881 1,031
Middle Powder 18 15 688 564 706 579
Little Powder 72 59 0 0 72 59
Little Missouri 0 0 0 0 0 0
Antelope 9 8 0 0 9 8
Dry Fork Cheyenne 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 19 20 0 0 19 20
Middle N Platte Casper 0 0 0 0 0 0
Total 2,824 2,813 14,804 11,242 17,628 14,027

Construction of water handling facilities would likely occur in upland situations;
however, the exact location and habitat type for these facilities is currently unde-
termined. Because sagebrush shrublands and short- and mixed-grass habitats are
the most common and widely distributed habitat types within the Project Area, it
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is assumed these habitat types would experience the mgjority of disturbance as-
sociated with the construction of water handling facilities (refer to the vegetation
section of this chapter). The destruction of suitable mule deer habitats following
the construction of various water handling facilities may have both positive and
negative effects to mule deer. The loss of suitable habitats due to the construction
of water handling facilities would not limit the occurrence or availability of these
habitats over the home range of individual mule deer. The relative amount of
habitat loss would be outweighed by the availability and widespread occurrence
of suitable habitat throughout the Project Area. The operation of water handling
facilities under this alternative may provide mule deer and other wildlife addi-
tional drinking water resources and may increase the amount of forage available
in wetland and riparian areas that expand in response to surface discharge of pro-
duced water. As fully described in Chapter 2, water quality is strictly controlled
by the NPDES permitting process. Water that may be available to wildlife and
livestock would meet all NPDES permitting requirements and, therefore, would
not be expected to be harmful. Existing water availability conditions would influ-
ence the potential for big game concentrations to occur or increase at newly con-
structed water handling facilities. The distribution of existing water resources
combined with the distribution of new water handling facilities would not result
in concentrations of big game or other wildlife to the extent that it would be det-
rimental to wildlife (e.g., disease vectors) or wildlife habitats. Although water
handling facilities would not be specificaly intended for big game or wildlife
use, these facilities would be designed and constructed to avoid potentia or
drowning risks.

Elk
Direct and Indirect Effects

Direct and indirect effects to elk and their ranges may occur as the result of ac-
tivities proposed under Alternative 1. Direct effects resulting from construction
of proposed CBM wells, compressors, non-CBM wells, and associated water
handling methods were estimated by applying facility-specific disturbance fac-
tors to the proposed number of each facility type. These facility-specific distur-
bances were then summed and used to estimate the potential number of acres dis-
turbed for each range type. Estimates of disturbance acres from water handling
methods were available for range disturbance by sub-watershed but were not
available by surface owner.

This analysisisrestricted to elk and elk ranges that occur within the Fortification
Creek Areain the Upper Powder River sub-watershed. This area contains severa
overlapping elk ranges and is expected to experience disturbance from the con-
struction and operation of CBM wells, non-CBM wells, compressors, and water
handling facilities. Additional elk ranges exist along the southern and western
boundaries of the Project Area, outside of Fortification Creek, but are expected to
be disturbed only by the construction of non-CBM wells. Estimates of total dis-
turbance in these ranges outside of Fortification Creek are less than 300 acres out
of approximately 610,000 acres of range. The level of disturbanceto elk and their
ranges outside of Fortification Creek would not likely result in detrimental ef-
fects to seasonal habitat use, herd movements or herd condition because of the
availability of remaining undisturbed habitat throughout the Project Area. Esti-
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mated disturbances to each range type within Elk Fortification Creek are pre-
sented by surface owner and sub-watershed in Table 443, Table 444, Table 4—
45, and Table 4-46.

Table 443 Direct Short-term and Long-term Effectsto EIk Ranges
(excluding Fortification Creek) by Surface Owner —

Alternative 1
|
Surface Owner (acres)
BLM
BFO CFO FS State Private Total
IS = IS IS E € E E IS IS IS =
T 8§ ¥ ¥ ¥ 3 8 B & E & 3
$ F 5 2 LEie: P OB OB
Range b 9 6 S 6 S 5 S H S &H S
Y earlong 50 41 28 23 39 32 6 5 132 108 254 208
Crucia Winter Year-
long 11 9 0 0 0 0 17 14 17 14 44 36
Crucia Winter 11 9 0 0 0 0 11 9 33 27 55 45
Spring, Summer, Fall 6 5 0 0 0 0 0 0 11 9 17 14
Winter 0 0 0 0 0 0 0 0 17 14 17 14
Winter Yearlong 11 9 0 0 11 9 0 0 28 23 50 41
Total 89 73 28 23 50 41 33 27 237 194 599 357

Table4-44 Direct Short-term and L ong-term Effectsto EIk Ranges (excluding
Fortification Creek) by Sub-watershed — Alternative 1

Elk Ranges (acres)

Crucia  Spring,
Crucid Winter ~ Summer, Winter
Winter Yearlong Yearlong Fall Winter Yearlong Total

E E E € E E E E E € £ & E E

g g £ g 2 g & 2 & g & g & ¢

5 2 5§ 2 58 25 2§ 2 &8 2 8 2
Sub-watershed 5 3 6 S 6 S 6 S & 9 6 3 G 3
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 6 5 0 0 0 0 0 0 0 0 6 5 6 5
Middle Fork Powder River 0 0 4 36 11 9 0 0 0 0 55 45 0 0
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 6 5 0 0
Upper Powder River 0 0 0 0 0 0 0 0 0 0 39 32 0 0
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 6 5 0 0
Salt Creek 0 0 0 0 0 0 0 0 0 0 28 23 0 0
Crazy Woman Creek 0 0 0 0 0 0 6 5 0 0 6 5 0 0
Clear Creek 0 0 0 0 6 5 11 9 0 0 17 14 0 0
Middle Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0 6 5 55 45 0 0
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 0 0 0 0 17 14 94 77 0 0
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 0 0 0 0 0 0 0 11 9 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 6 5 4 36 17 14 17 14 22 18 319 261 6 5
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Table 445 Direct Short-term and Long-term Effectsto EIk Ranges
(Fortification Creek only) by Surface Owner — Alternative 1

Surface Owner (acres)

BLM

Buffalo FO Casper FO FS State Private Total
g £ £ E E E E E E E E £
T § & ¥ & 3z 85§ & T & 3
$ P 5 PS5 P52 Po: P
Range »n 3 % 3 % 3 6 3 6 3 &6 3
Y earlong 3,540 1,276 0 0 0 0 675 245 3870 2,916 8,085 2916
Parturition 1416 514 0 0 0 0 342 125 1,534 1,194 3,292 1,194
Winter Y earlong 1,948 702 0 0 0 0 446 162 2125 1634 4519 1634
Crucial Winter Range 467 170 0 0 0 0 215 781308 724 1990 724

Table4-46 Direct Short-term and Long-term Effectsto EIk Ranges
(Fortification Creek only) by Sub-water shed — Alternative 1

Elk Ranges (acres)
Winter Crucial
Y earlong Parturition ~ Yearlong Winter Range

£ IS £ IS £ IS £ £

&z & & g & g & g8

5 25 25 2 5 ¢
Sub-watershed ) 2 b 26 3 & 3
Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder River 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0
Upper Powder River 9531 4,364 3875 1,776 5324 2438 2,338 1,072
South Fork Powder River 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder River 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0
Little Missouri River 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 0 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0
Total 9,531 4,364 3875 1,776 5324 2438 2338 1,072

Habitat Disturbance

There are approximately 122,931 acres of elk range in the Fortification Creek
Area. Several ranges occur in Fortification Creek and overlap over the same
habitats. Because of this overlapping nature, it is not appropriate to sum the totals
of each range to estimate the total acres of range within this area. Although elk
ranges in this area overlap, they are not precisely concentric. Crucia winter, par-
turition, winter yearlong and yearlong ranges occur in Fortification Creek. Direct
disturbance to ek ranges would result from construction of well pads, compres-
sor stations, associated utility corridors, access roads and water handling features,
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as outlined in Chapter 2 of this document. Disturbance to ek ranges from project
activities would result in the localized reduction of available forage and increased
fragmentation of existing contiguous habitats which may have varying effects
depending time of year.

If evaluated by percentage of potentia disturbance to each range type within For-
tification Creek, the greatest estimated disturbance to a single range type is 4 per-
cent disturbance to yearlong range (4,364 acres of disturbance in 122,931 acres).
Each of the other ranges would experience 3 percent disturbance during the life
of the project (e.g., long-term). Sagebrush shrublands, short- and mixed-grass
prairie, agriculture, and herbaceous riparian areas typically dominate these
ranges. Elk yearlong range occurs in nearly all of the sub-watersheds throughout
the Project Area and is typically dominated by short-grass prairie, sagebrush
shrublands, and mixed-grass prairie.

These estimates of range disturbance apply to the entire life of the project. The
amount of range disturbance at any one time during project implementation
would be less than these estimates, due to the phased nature of development (i.e.
as new areas are disturbed by development, other areas would be undergoing rec-
lamation following development that is completed).

Habitat Fragmentation

Habitat fragmentation may occur in some suitable elk habitats from the construc-
tion of project-related facilities (e.g., access roads). The extent of potential frag-
mentation is unknown because the precise location of project-related facilitiesis
undetermined at this time. The potential effects of habitat fragmentation are de-
pendent upon several factors, including existing habitat condition and fragmenta-
tion, proximity of additional suitable habitats, degree of proposed disturbance
and fragmentation, and local population size. Because these determinant factors
are largely unknown at thistime, it is difficult to quantify the effects of additional
fragmentation. Potential fragmentation of habitats in the Fortification Creek Area
may effect elk over various seasons due to the overlapping nature of ranges in
this area. Elk may avoid habitat that is otherwise suitable, depending on the ex-
tent of fragmentation. The effects of potential fragmentation would likely be
mitigated by implementing the measures and stipulations provided in Chapter 5
and Appendices C and D of this document.

Vehicle Callisions

Increased human activity as the result of project implementation may have sev-
eral effects on elk. Increased vehicle traffic is anticipated in association with the
construction, production, and reclamation/abandonment phases of the Project.
Quantifiable effects to ek as the result of increased vehicle traffic are not avail-
able; however, the potential for vehicle collisions with ek is expected to be di-
rectly correlated with the volume of traffic. Project-related traffic volumes are
expected to be greatest during the construction phase and gradually diminish in
the production and reclamation/abandonment phases.
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Human Disturbance

Elk would potentially be temporarily displaced from suitable habitats in areas of
concentrated human activity. Displacement would likely be dependent on the
activity duration and intensity (i.e., drill rig operations versus survey work).
When displaced, elk would move to other adjacent suitable habitats. Big game
sensitivity to human disturbance is difficult to quantify, nonethel ess, compared to
some other big game species, ek are less sensitive to temporary or short-term
human activities, and therefore, the potential distance and duration of displace-
ment is expected to be more than other big game species. Displacement due to
concentrations of human activity are not expected to cause detrimental effects to
elk because human disturbance would likely be limited temporarily and spatially,
and suitable elk habitats are available.

Diversion from Public to Privately Owned Lands

Project actions are proposed for lands owned by public agencies (e.g., BLM and
FS), the State of Wyoming, and individual private owners. The mgjority of hu-
man activity associated with the Project would occur on privately owned lands,
with relatively little development of publicly owned lands. Elk and other wildlife
utilize suitable habitats despite ownership boundaries. No known distribution
information relevant to land ownership is available for elk. It is possible in areas
that receive relatively high hunting pressure on publicly owned lands, that elk
may prefer suitable habitats on privately owned lands and temporarily avoid oth-
erwise suitable habitats on publicly owned lands. Under such an assumption and
if project activities occur in sufficient densities on privately owned lands, some
elk may not prefer habitats on privately owned lands and thus remain on publicly
owned lands. Issues relating to elk and other wildlife occurrence patterns on
lands of different ownership (e.g., privately owned versus publicly owned) and
the potential effects from project activities are speculative due to the undeter-
mined density and local pattern of project activities, including the effects of new
access roads. The effects from new access roads is difficult to quantify because
road densities and lengths are dependent upon specific facility locations, which
are undetermined at thistime.

Noise and Dust

Elevated noise levels associated with increased human activity and facility opera-
tions may affect elk. Elevated noise levels may deter elk from utilizing localized
areas of suitable habitat. The effects of Project-related noise levels to elk would
depend upon the occurrence pattern and intensity of produced noise. Elk re-
sponses may vary from tolerance to avoidance of affected habitats. Due to the
availability of aternative suitable elk habitats throughout much of the Project
Area, localized elevated noise levels are not expected to result in decreased con-
dition or an increased mortality rate of elk in the Project Area.

The generation and deposition of dust on suitable elk forage may occur aong
exiging and new roads within the Project Area. The accumulation of dust on
suitable elk forage would likely be limited to habitats immediately adjacent to
unimproved roads and represent a relatively small fraction of the total available
forage within atypical elk range. The loss of potential forage due to the accumu-
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Table 447

lation of dust would not affect the survivability or condition of ek individuals or
populations.

Water Handling

The proportion of different water handling methods varies across sub-watersheds
(refer to Chapter 2 for details). The number of proposed CBM wells by alterna-
tive can be used to estimate the associated disturbance to big game ranges by wa-
ter handling methods. Under Alternative 1, more CBM wells (2,209) are pro-
posed in elk yearlong range in the Fortification Creek Area, than any other range
type. These wells would account for approximately 1,447 acres of disturbance.
Table 4-47 presents the estimated disturbance to elk ranges in Fortification
Creek from water handling methods.

Elk (Fortification Creek only) Water Handling Distur bance Acres by
Sub-water shed — Alternative 1

Y earlong Parturition Winter Yearlong Crucial Winter Range
H,O Handling H.O Handling H,O Handling H.O Handling
No.of Disturbance No.of Disturbance No.of Disturbance No.of Disturbance
Sub-watershed wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder River 2,209 1,447 888 582 1,228 804 532 348
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder 0 0 0 0 0 0 0 0
Little Powder 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle N Platte Casper 0 0 0 0 0 0 0 0
Total 2,209 1,447 888 582 1,228 804 532 348

Construction of water handling facilities would likely occur in upland situations;
however, the exact location and habitat type for these facilities is currently unde-
termined. Because sagebrush shrublands and short- and mixed-grass habitats are
the most common and widely distributed habitat types within the Fortification
Creek Areq, it is assumed these habitat types would experience the majority of
disturbance associated with the construction of water handling facilities (refer to
the vegetation section of this chapter). The destruction of suitable elk habitats
following the construction of various water handling facilities may have both
positive and negative effects to elk. The loss of suitable habitats due to the con-
struction of water handling facilities would not limit the occurrence or availabil-
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ity of these habitats over the home range of individual elk. The relative amount
of habitat loss would be outweighed by the availability and widespread occur-
rence of suitable habitat throughout the Project Area. The operation of water
handling facilities under this alternative may provide elk and other wildlife addi-
tional drinking water resources and may increase the amount of forage available
in wetland and riparian areas that expand in response to surface discharge of pro-
duced water. As fully described in Chapter 2, water quality is strictly controlled
by the NPDES permitting process. Water that may be available to wildlife and
livestock would meet all NPDES permitting requirements and, therefore, would
not be expected to be harmful. Existing water availability conditions would influ-
ence the potential for big game concentrations to occur or increase at newly con-
structed water handling facilities. The distribution of existing water resources
combined with the distribution of new water handling facilities would not result
in concentrations of big game or other wildlife to the extent that it would be det-
rimental to wildlife (e.g., disease vectors) or wildlife habitats. Although water
handling facilities would not be specifically intended for big game or wildlife
use, these facilities would be designed and constructed to avoid potential entrap-
ment or drowning risks.

Moose

Under Alternative 1, proposed well pads, compressors, and other facilities would
not affect any of the five moose ranges that occur in the Project Area (Figure 3—
14).

Raptors
Direct and Indirect Effects

Several raptor species may occur in the Project Area and these raptors have di-
verse habitat and prey species preferences. Collectively, habitat disturbance due
to project-related activities may result in the loss of suitable raptor nesting and
wintering habitats and the loss of preferred prey species habitats and possible
reductions in prey base numbers. Quantification of potential losses is directly
associated with expected losses by vegetation type. This information is presented
in the Vegetation section of this Chapter. Ground-nesting raptors are likely to
experience the most substantial direct loss of suitable nesting habitats. Cliff and
tree-nesting raptors are less likely to experience loss of suitable nesting substrates
because these habitats are not expected to be directly affected by the proposed
actions. Wintering roosts used by bald eagles and other wintering raptors would
not be expected to be directly impacted because several mitigation measures in-
stitute surface disturbance buffers and timing restrictions (refer to Chapter 5 and
Appendix C).

Human Disturbance

Human disturbance may result in effects to raptors in the Project Area. Human
disturbances during the life of the Project may vary by type and intensity ranging
from one-time pedestrian surveys of development areas, well pad construction
and well development, to regular maintenance trips to wells. Raptors have been
known to become accustomed to some human activities, particularly activities
that occur regularly and predictably. However, in some cases, particularly nesting
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and wintering roosts, raptors may exhibit particular sensitivities to nearby human
activities, regardless of the activity and its intensity. Disturbance to nesting rap-
tors can cause nest failure, nest abandonment, and unsuccessful fledging of
young. Measures to mitigate these potential effects, including timing restrictions
and surface disturbance buffer zones, are presented in Chapter 5 and Appendix C
of this document. The implementation of these measures is expected to reduce
the effects of human disturbance to nesting and wintering raptors and preclude
any effectsto local breeding or wintering raptor populations.

Increased Perch Availability and Use

As part of the proposed Project, utility lines would be constructed above- and
below-ground. Aboveground power lines and support structures would be used to
provide power to individual well pods. From centralized pods, power would be
distributed using underground lines. Support structures associated with above-
ground power lines are expected to be used as perches by raptors. These perches
may provide raptors with new opportunities for hunting and capturing prey. This
benefit is expected to be temporary because if new perch sites actually increase
hunting success, the number and density of prey species may eventually decrease
due to increased hunting pressure. This would then be the limiting factor to raptor
populations.

Raptor Collisions and Electrocutions

The presence of new aboveground power lines may increase the potential for rap-
tor collisions and electrocutions. All aboveground support structures would be
equipped with APLIC-approved devices intended to prevent and reduce the risk
of electrocution to perching raptors. Other APLIC recommendations for line
spacing and distribution may be used to minimize potential avian collisions.
Power lines from individual well pods to the facilities within each pod would be
constructed underground. These lines are expected to account for the majority of
the new lines constructed during the life of the Project.

Increased vehicular traffic may result in increased collisions with raptors. Raptor
collisons with vehicles are often associated with carrion-feeding raptors aong
high-speed roadways. Because project-related activities are expected to increase
commercia and private traffic levels on public highways within the Project Area,
the potential for raptor collision along these existing highways is expected to in-
crease. The increase in vehicle collisions with individual raptors is not expected
to contribute to the loss of raptor population viability or health. Due to the unim-
proved nature of the existing and proposed access roads, vehicle speeds are not
expected to be similar to highway speeds and, therefore, vehicle collisions with
raptors would not expected to be common. Any potential collisions with raptors
along secondary or unimproved access roads would not be expected to result in
detrimental changesin local raptor populations.

Prey Availability

The diverse raptor population that occurs in the Project Area relies upon a wide
variety of prey species that utilize many different habitats. Quantification of po-
tential reduction in prey populations as the result of Project activities can only be
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evaluated by reviewing the potentia losses by vegetation type. Prey species, par-
ticularly small- and medium-sized mammals, may experience losses due to direct
mortality and/or loss of habitat. These potential losses are not expected to result
in detrimental effects to local prey populations or to locally occurring raptors. In
some instances, particularly with water handling methods, local habitat condi-
tions may improve from the increased water availability and, in turn, benefit local
prey species and their dependent predators, including raptors. These benefits may
be considered non-permanent, because any improved water availability condi-
tions are expected to return to pre-project levels following the life of the Project.
Local prey species may experience a temporary shift in population levels, while
population numbers respond to new environmental conditions. These potential
popul ation shifts are not expected to be detrimental to the survivability or fitness
of these populations and would not have detrimental impacts to local raptor spe-
cies populations.

Water Handling

Water handling methods would most likely affect prey habitats and, subse-
quently, prey population numbers, but water handling methods would not likely
directly affect raptors or their habitats. Potential adverse effects of water handling
facilities may include localized destruction of prey habitats and possible changes
in population numbers of locally occurring prey species (e.g., small- and me-
dium-sized mammals). Any potentia effects to local prey populations would be
highly localized and not expected to affect prey populations at scale relevant to
predatory species, including raptors. Potential effects to raptors from water han-
dling methods are expected to be limited to indirect effects, due to potentia
changes to habitats. For more information regarding potential effects to habitats
refer to the vegetation section of this chapter.

Upland Game Birds

Effect types and potential impacts to sage grouse and plains sharp-tailed grouse
are expected to be similar. Because these species aso share similar habitats and
behavior, this analysis of potential effects and impacts will address both species.

Direct and Indirect Effects

Habitat disturbance due to project-related activities may result in the direct dis-
turbance or loss of important breeding grounds (leks) and brood rearing habitats.
To avoid direct disturbance to leks, data regarding lek location and seasonal use
would be reviewed before initiating ground surface disturbance. Mitigation
measures listed at the end of this chapter and stipulations provided in Chapter 5
and Appendix C would be applied to avoid direct disturbance to leks. Habitat
disturbance to brood-rearing habitats (riparian areas) and feeding and resting ar-
eas (sagebrush shrublands) would be expected during the life of the Project. Dis-
turbances to riparian areas would be minimal in nature due to the intent to avoid
disturbance to these areas and the implementation of several measures to limit
disturbance in cases when riparian areas would be disturbed (see wetland/riparian
section in this chapter). Short-term disturbance to sagebrush shrublands would
occur over approximately 86,000 acres within the Project Area. This accounts for
approximately four percent of the available sagebrush vegetation type within the
Project Area (2,234,129 acres). The potential impacts to sage grouse would be
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dependent upon the pattern of development and how the devel opment fragments
patches of suitable sagebrush shrubland at a scale relevant to sage grouse. It
would be expected that sagebrush shrubland habitats of sufficient size and quality
would be available for sage grouse in most scenarios of development.

Human Disturbance

Human disturbance associated with project-related activities, including noise
from Project facilities, may result in adverse effects to sage grouse. Sage grouse
are most sensitive to human activity and noise when on their seasonal breeding
grounds (leks). Although human activities may disturb individually nesting sage
grouse, possible effects to groups of grouse on their breeding grounds would be
expected to have greater potential to affect local populations of this species.
Mitigation measures listed at the end of this chapter and stipulations provided in
Chapter 5 and Appendices C and D would be applied to avoid disturbance to sage
grouse on leks. These efforts would be expected to minimize disturbance to sage
grouse on their leks and, therefore, reduce the potential for detrimental effectsto
local sage grouse populations.

Predation by Raptors

As a possible outcome of implementing the proposed Project, raptor species may
benefit from the increased availability of hunting perches from the installation of
aboveground power lines. The availability of these perches may result in in-
creased raptor hunting pressures on sage grouse, particularly when grouse are on
the leks. Lek abandonment has been documented where power lines are within %2
mile and visible from the lek. Sage grouse have also been documented avoiding
otherwise suitable habitats within ¥2 mile of power lines (San Miguel Basin Sage
Grouse Working Group 1998).

Collisions

Sage grouse collisions with vehicles and aboveground power lines may increase
due to project-related activities. Vehicle traffic patterns are expected to increase
over current patterns and fluctuate by intensity and frequency during the life of
the Project. These changes may increase the potential for collisions with sage
grouse and other wildlife species.

Water Handling

Under this alternative, water-handling methods may have positive and negative
effects to the sage grouse. Production waters from outflows or surface discharge
water handling practices may supplement existing or create new wetland and ri-
parian habitats. These new habitats would provide additional brood-rearing habi-
tats for sage grouse. Water impoundments and increased water flows would aso
provide additional drinking water sources for sage grouse. The construction of
water handling facilities would result in the loss of sagebrush shrublands that are
used as nesting habitat by this species. Additional losses of sagebrush may occur
from the LAD method for production water. A summary of losses by habitat
type, including contributions from water handling methods are presented in the
vegetation section of this chapter.
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Waterfowl
Habitat Disturbance

Habitat disturbance as the result of applied water handling methods would result
in a variety changes, including possible negative and positive effects to water-
fowl habitats. Water from surface impoundment outflows and direct surface dis-
charge may create new and improve existing feeding, nesting, and resting habi-
tats, by supplementing current seasonal water regimes. These potential changes
would occur in naturally existing terrain conditions and not associated with sur-
face containment facilities. Surface containment facilities may also provide new
feeding, nesting, and resting habitats to local waterfowl.

Production water from surface outflows and direct surface discharge may also
negatively affect existing waterfowl habitats. Dependent upon specific site condi-
tions, inputs to existing aquatic habitats from production water may alter favor-
able conditions to the detriment of plants and aquatic life. These potential effects
are dependent upon existing conditions, quantity, and timing of the release of
production waters, and distance between release points and existing waterfowl
habitats. Although these potential effects are possible, they are not expected to
detrimentally affect the survivability or condition of loca regional waterfowl
populations.

Exposure to Production Water

Concentrations of salts and metals, particularly barium, are expected to increase
in the waters of the containment reservoirs as water evaporates over time. Such
concentrations have not yet been predicted quantitatively, so precise descriptions
of direct and indirect effects to waterfowl are not possible at thistime. It is specu-
lated that indirect effects (e.g., changes to waterfowl foods and nesting cover) are
likely to be more important than direct effects (i.e., toxicity) to waterfowl. Salin-
ity limits and optimum ranges for microbial communities, algae, and aguatic in-
vertebrates are known for many species and can be found in the scientific litera-
ture (Adamus 1996). It is presumed that the containment reservoirs will be colo-
nized by species of these taxa that are tolerant of the excessively saline water
quality conditions relative to surrounding water bodies.

The species richness of microbial communities and aquatic invertebrates, as well
as algal productivity and biomass, can be expected to be less in the containment
reservoirs than less-saline local water bodies based on a number of scientific
studies (Adamus 1996). As the salinity increases over time and as water evapo-
rates from the containment reservoirs, these bioindicators will evidence a nega-
tive correlation. Similarly, the species richness and abundance of waterfowl is
expected to be low and less than surrounding unaffected water bodies.
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The direct effects to waterfowl from increasing concentrations of metals in the
containment reservoirs cannot be well surmised without quantitative predictions
of the concentrations. Selenium levels in the water column of greater than 0.050
mg/L are considered to pose a potential risk to many waterbird species, due to the
element’s known toxicological effects and high bioaccumulation potentia in
food chains. The saline quality of the water is expected to cause precipitation of
dissolved metals in the water column, such that sediments will receive increasing
concentrations of organic and inorganic forms of the metals contained in the
CBM-produced waters over time. It is possible that eventually the sediments may
reach a toxic level for diving ducks that ingest sediments while feeding on ben-
thic organisms. Changes in algal and microbial species richness that could cause
indirect effects on waterfowl may or may not occur in response to increasing
metal s concentrations (Adamus 1996).

Alternative 2A

Alternative 2A is similar to Alternative 1 in the type and magnitude of distur-
bance associated with the project. However, Alternative 2A does differ in the
proportions assigned to the various water handling methods. Under this alterna-
tive, as compared to Alternative 1, there would be an increased emphasis on the
use of infiltration, containment reservoirs, and LAD; and a decreased emphasis
on the use of surface discharge. These differences in water handling would result
in variations of habitat disturbance and would not be expected to have unique or
different effect types from those presented under Alternative 1.

Terrestrial Species
Big Game

Pronghorn
Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-48 and Table 4-49 present estimates of disturbance
to range by surface owner and sub-watershed. Estimates of disturbance acres
from water handling methods were available for range disturbance by sub-
watershed (Table 4-50). For an assessment of potential effects, refer to text under
Alternative 1.
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Table 448 Direct Short-term and Long-term Effectsto Pronghorn
Ranges by Surface Owner — Alternative 2A

Disturbance (acres)

BLM
BFO CFO FS State Private Total
1S E E E E E E E S IS £ 1S
g g & 35 2 B B g g 2 3z
5 25 92 52 52 5 g2 8 °P
Range b S 653 53 6535 & 5 & 9
Severe Winter 0 0 0 0 39 32 0 0 17 14 14 46
Crucia Winter
Y earlong 0 0 0 0 0 0 0 0 0 0 0 0
Winter 1,532 582 0 0 0 0 621 261 4860 2205 13919 3,048
Winter Yearlong 4359 1620 17 14 1,135 491 2,6931,122 57572 22,609 143,025 25,856
Y earlong 13,330 5,099 39 32 91993,734 12,8434,797 114,137 43,270 325,388 56,932
Spring, Summer,
Fall 102 41 17 14 0 0 11 9 969 387 2,309 451
Total 19,323 7,342 73 60 10,3734,257 16,1686,189 177,555 68,485 484,655 86,333
- - - - - - - - - -
Table 4-49 Direct Short-term and L ong-term Effectsto Pronghorn Ranges by Sub-
water shed — Alter native 2A
|
Disturbance (acres)
Severe  Crucia Spring, Sum-
Winter Winter Winter Winter Y earlong Y earlong mer, Fall Total
E € E E £ IS £ IS £ IS E E £ £
2 g & 3 g g g g g g s 3 o g
$ 2L f 5 P 5 P O P Ot g : B
Sub-watershed b 3 & 3 73 2 72 It 72 ot 5 3 o It
Little Bighorn River 0O 0O 0 O 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0O 0O 0 O 0 0 1457 707 16,788 8,332 0 0 18245 9,039
Middle Fork Powder 0O 0O 0 O 0 0 44 36 6 5 28 23 78 64
North Fork Powder 0 0 0 0 0 0 0 6 5 0 0 6 5
Upper Powder 0 0 0 0 7,380 3,843 33562 17,256 44,757 22,842 6 5 85,705 43,946
South Fork Powder 0 0 0 0 0 0 0 0 17 14 0 0 17 14
Salt Creek 0 0 0 0 0 0 423 170 220 114 28 23 671 307
Crazy Woman Creek 0O 0 0 O 0 0 6 5 20,9838 10,325 0 0 20994 10,330
Clear Creek 0O 0O 0 O 0 0 3339 1,743 17,255 9,005 0 0 20594 10,748
Middle Powder River 0O 0O 0 O 321 177 0 0 5038 2569 1282 646 6,640 3,391
Little Powder River 0O 0O O o0 1173 890 11,222 5721 16,293 85% 0 0 28687 15204
Little Missouri 0 0 0 0 0 0 17 14 435 356 0 0 452 370
Antelope Creek 28 23 0 0 0 0 2165 817 43,218 16,393 0 0 45411 17,233
Dry Fork Cheyenne 28 23 0 0 0 0 50 41 193 158 0 0 271 222
Upper Cheyenne 0 0 0 0 0 0 1,613 755 2,178 1,061 0 0 3792 1817
Lightning Creek 0O 0 0 O 0 0 22 18 248 203 0 0 270 221
Upper Belle Fourche 0O 0O 0 O 0 0 26,339 13,085 10,159 5,192 0 0 36498 18277
Middle North Platte
Casper 0 0 0 0 0 0 148 122 61 50 0 0 209 172
Total 56 46 0 0 7956 3992 75887 35970 167,755 75113 1,249 602 252,903 115,723
- - - -~~~ -~ - - — -~ -~ -~~~ - -
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Table 4-50 Pronghorn Water Handling Distur bances by Sub-water shed — Alternative 2A

|
Disturbance (acres)

Spring, Summer, Fall Winter Winter Y earlong Y earlong Tota
H,O HO H,O H.O H.O
Handling Handling Handling Handling Handling
No. of Disturbance No.of Disturbance No. of Disturbance No.of Disturbance No.of Disturbance

Sub-watershed wells Acres wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 186 285 2,280 3,488 2,466 3,773
Middle Fork Powder 0 0 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0 0 0
Upper Powder River 0 0 1,362 1,777 5,861 7,649 7,741 10,202 14,964 19,528
South Fork Powder 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 12 20 6 10 18 30
Crazy Woman Creek 0 0 0 0 0 0 2,922 4471 2,922 4471
Clear Creek 0 0 0 0 556 851 2,870 4,391 3,426 5,242
Middle Powder 182 244 46 62 0 0 655 878 883 1,183
Little Powder 0 0 18 24 846 1,134 1,128 1,512 1,992 2,669
Little Missouri 0 0 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 77 85 1,567 1,739 1,644 1,825
Dry Fork Cheyenne 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 242 269 291 323 533 592
Lightning Creek 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 4,225 4394 1,651 1,717 5,876 6,111
Middle N Platte Casper 0 0 0 0 0 0 0 0 0 0
Total 182 244 1,426 1,863 12,005 14,685 21,111 28,631 34,724 45423

White-tailed Deer
Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-51 and Table 4-52 present estimates or disturbance
for range by surface owner and sub-watershed, respectively. Estimates of distur-
bance acres from water handling methods were available for range disturbance
by sub-watershed (Table 4-53). For an assessment of potentia effects, refer to
text under Alternative 1.
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Table4-51 Direct Short-term and Long-term Effects to White-tailed
Deer Ranges by Surface Owner — Alternative 2A

]
Disturbance (acres)

BLM

BFO CFO FS State Private Total

€ € E € E E E E £ IS £ €

g g & 3 2 B B g g 2 3z

i gt g tP i 5 g % ¢
Range & 25 S5 6 3 B3 77 S & 3
Y earlong 609 246 0 0 116 59 1,837 669 13516 5,340 16,078 6,314
Winter Yearlong 39 32 0 0 0 0 0 0 0 32 78 64
Tota 648 278 0 0 116 59 1,837 669 13516 5,372 16,156 6,378

Table 4-52 Direct Short-term and L ong-term Effectsto White-tailed
Deer Ranges by Sub-watershed — Alternative 2A

Disturbance (acres)

Winter Range Winter Y earlong Range Total
s ¢ 5 2 5 £

Sub-watershed & S & S & S

Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 0 0 6,620 3,264 6,620 3,264
Middle Fork Powder 0 0 17 14 17 14
North Fork Powder 0 0 0 0 0 0
Upper Powder 0 0 4,613 2,345 4,613 2,345
South Fork Powder 0 0 6 5 6 5
Salt Creek 0 0 0 0 0 0
Crazy Woman Creek 0 0 1,140 554 1,140 554
Clear Creek 0 0 5,350 2,750 5,350 2,750
Middle Powder River 39 32 126 65 165 97
Little Powder River 0 0 1,871 1,195 1,871 1,195
Little Missouri 0 0 0 0 0 0
Antelope Creek 0 0 252 100 252 100
Dry Fork Cheyenne 0 0 11 9 11 9
Upper Cheyenne 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 0 0 180 115 180 115
Middle North Platte Casper 0 0 0 0 0 0
Total 39 32 20,201 10,428 20,240 10,460
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Table4-53  White-tailed Deer Water Handling Distur bances by Sub-
water shed — Alternative 2A

|
Disturbance (acres)

Y earlong Total
H,O Handling H,O Handling

Sub-watershed No. of wells Disturbance Acres  No. of wells  Disturbance Acres
Little Bighorn 0 0 0 0
Upper Tongue River 863 1,320 863 1,320
Middle Fork Powder 0 0 0 0
North Fork Powder 0 0 0 0
Upper Powder River 806 1,052 806 1,052
South Fork Powder 0 0 0 0
Salt Creek 0 0 0 0
Crazy Woman Creek 156 239 156 239
Clear Creek 881 1,348 881 1,348
Middle Powder 18 24 18 24
Little Powder 72 96 72 96
Little Missouri 0 0 0 0
Antelope 9 10 9 10
Dry Fork Cheyenne 0 0 0 0
Upper Cheyenne 0 0 0 0
Lightning Creek 0 0 0 0
Upper Belle Fourche 19 20 19 20
Middle N Platte Casper 0 0 0 0
Total 2,824 4,109 2,824 4,109
Mule Deer

Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-54 and Table 4-55 present estimates of disturbance
to ranges by surface owner and sub-watershed, respectively. Estimates of distur-
bance acres from water handling methods were available for range disturbance
by sub-watershed (Table 4-56). For an assessment of potentia effects, refer to
text under Alternative 1.
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Table4-54 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Surface Owner — Alternative 2A

]
Disturbance (acres)

BLM

BFO CFO FS State Private Total

IS € £ € E E £ IS £ IS £ €

g g & 35 z B g g g g 2 3z

S £ £ £ P £ P § g £ P
Range 17 T R ., B 73 2 73 S & 3
Winter Yearlong 17,679 6,321 0 0 52 18 8,230 2905 73,676 26,244 99,63735,488
Y earlong 8,107 2,901 0 0 2218 795 4,690 0 68,613 24,848 83,62830,206
Total 25,786 9,222 0 0 2,270 813 12,920 2,905 142,289 51,092 183,26565,694

Table 4-55 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Sub-water shed — Alternative 2A

- |
Mule Deer Ranges

Winter Y earlong Y earlong Tota
= o)) = jo) = o))

Sub watershed & 5 & 5 & 5

Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 14,910 5,329 1,562 1,518 16,472 6,847
Middle Fork Powder 0 0 17 14 17 14
North Fork Powder 0 0 0 0 0 0
Upper Powder 49,274 17,579 29,796 11,268 79,069 28,847
South Fork Powder 0 0 6 5 6 5
Salt Creek 957 329 144 50 1,101 379
Crazy Woman Creek 11,869 4,183 4,815 1,850 16,685 6,034
Clear Creek 14,817 5,245 3,201 2,025 18,018 7,270
Middle Powder River 3,972 1,469 1,404 518 5,376 1,986
Little Powder River 3,095 1,096 13,362 5,253 16,457 6,349
Little Missouri 0 0 0 0 0 0
Antelope Creek 770 279 20,780 7,286 21,550 7,565
Dry Fork Cheyenne 0 0 11 9 11 9
Upper Cheyenne 0 0 1,076 406 1,076 406
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 0 0 11,956 4,327 11,956 4,327
Middle North Platte Casper 0 0 0 0 0 0
Total 99,663 35508 88,145 34,543 187,808 70,051
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Table 4-56 Mule Deer Water Handling Distur bances by Sub-water shed
— Alternative 2A

Y earlong Winter Y earlong Tota
H.O H,O H.O
Handling Handling Handling
Disturbance No. of Disturbance  No. of Disturbance

Sub-watershed No. of wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0
Upper Tongue River 863 1,320 2,589 3,961 3,452 5,282
Middle Fork Powder 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0
Upper Powder River 806 1,052 11,496 15,002 12,302 16,054
South Fork Powder 0 0 0 0 0 0
Salt Creek 0 0 31 51 31 51
Crazy Woman Creek 156 239 0 0 156 239
Clear Creek 881 1,348 0 0 881 1,348
Middle Powder 18 24 688 922 706 946
Little Powder 72 96 0 0 72 96
Little Missouri 0 0 0 0 0 0
Antelope 9 10 0 0 9 10
Dry Fork Cheyenne 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 19 20 0 0 19 20
Middle N Platte Casper 0 0 0 0 0 0
Total 2,824 4,109 14,804 19,936 17,628 24,046
Elk

Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-57, Table 4-58, Table 4-59, and Table 460 present
estimates of disturbance to ranges by surface owner and sub-watershed, respec-
tively. Estimates of disturbance acres from water handling methods were avail-
able for range disturbance by sub-watershed (Table 4-61). For an assessment of
potential effects, refer to text under Alternative 1.

Table 4-57 Direct Short-term and Long-term Effectsto EIk Ranges
(excluding Fortification Creek) by Surface Owner —
Alternative 2A

]
Disturbance (acres)

BLM
BFO CFO FS State Private Total
§ 558§ 5t 5 &5 & E 5 &
E gt £tg t B Ot g ot o@
Range & S &5 S 5 S &5 3 &5 3 5 3
Winter Yearlong 17,679 6,321 0 0 52 18 8230 2005 73,676 26,244 99,63735488
Yearlong 8107 2901 0 0O 2218 795 4,690 0 68,613 24,848 83,62830,206
Total 25786 9,222 0 0 2270 813 12,020 2,905142,280 51,002 183,26565,694
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Table 4-58 Direct Short-term and Long-term Effectsto EIk Ranges
(excluding Fortification Creek) by Sub-watershed —

Alternative 2A
Disturbance (acres)
Winter Y earlong Y earlong Total

IS g £ g S S

o 5 g o L g

s ¢ 5 ® 5 ¢
Sub-watershed & S & S 5 S
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 14,910 5,329 1,562 1,518 16,472 6,847
Middle Fork Powder 0 0 17 14 17 14
North Fork Powder 0 0 0 0 0 0
Upper Powder 49,274 17579 29,796 11,268 79,069 28,847
South Fork Powder 0 0 6 5 6 5
Salt Creek 957 329 144 50 1,101 379
Crazy Woman Creek 11,869 4,183 4,815 1,850 16,685 6,034
Clear Creek 14,817 5,245 3,201 2,025 18,018 7,270
Middle Powder River 3,972 1,469 1,404 518 5,376 1,986
Little Powder River 3,095 1,096 13,362 5,253 16,457 6,349
Little Missouri 0 0 0 0 0 0
Antelope Creek 770 279 20,780 7,286 21550 7,565
Dry Fork Cheyenne 0 0 11 9 11 9
Upper Cheyenne 0 0 1,076 406 1,076 406
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 0 0 11,956 4,327 11,956 4,327
Middle North Platte Casper 0 0 0 0 0 0

Total 99,663 35508 88,145 34,543 187,808 70,051
- - - - - - - - - - ]

Table 4-59 Direct Short-term and Long-term Effectsto EIk Ranges
(Fortification Creek only) by Surface Owner — Alter native

2A
Disturbance (acres)
BLM
BFO CFO FS State Private Total
IS E E E E € £ IS £ IS £ £
T & & ¥ 8B s & ® & T 8 8
t P L EPLE B OFE OB B OB OB
Range i7 2 b 5 &5 3 07 ot B ot 5 S
Y earlong 3540 1276 0 O O O 675 245 3870 2916 8,085 2916
Parturition 1,416 54 0 0 0 O 342 125 1534 1,194 3,292 1,194
Winter Yearlong 1,948 702 0 0 0 O 446 162 2125 1,634 4519 1,634
Crucia Winter
Range 467 170 0 0O O O 215 78 1,308 724 1990 724
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Table4-61

Table 4-60

Direct Short-term and Long-term Effectsto EIk Ranges

(Fortification Creek only) by Sub-water shed — Alternative

2A
L]}

Elk Ranges
Crucial Winter
Y earlong Parturition Winter Yearlong Range
t £ ¢t g2 % ® 5 ¢®

Sub-watershed ) 3 ) 3 o 3 o 3

Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder 10,965 5,798 4,452 2,353 6,123 3237 2,684 1,418
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder River 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0
Total 10,965 5,798 4,452 2,353 6,123 3,237 2,684 1,418

Elk (Fortification Creek only) Water Handling Distur bances by Sub-water shed —
Alternative 2A

Disturbance (acres)

Y earlong Parturition Winter Yearlong Crucial Winter Range
H-0O H-0O H-0O H-0O
Handling Handling Handling Handling
No. of Disturbance No. of Disturbance No. of Disturbance No. of Disturbance

Sub-watershed wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder River 22,080 2,881 888 1,159 1,228 1,603 532 694
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder 0 0 0 0 0 0 0 0
Little Powder 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle N Platte
Casper 0 0 0 0 0 0 0 0
Total 22,080 2,881 888 1,159 1,228 1,603 532 694
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Moose
Under Alternative 2A, proposed well pads, compressors, and other facilities
would not affect any of the five moose ranges that occur in the Project Area.

Raptors

Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water Handling

Water-handling methods would not likely affect raptors directly, but may affect
habitats that support prey species. Potential adverse effects of water-handling
facilities may include localized destruction of prey habitats and possible changes
in population numbers of locally occurring prey species (e.g., small- and me-
dium-sized mammals). Any potential effects to local prey populations would be
highly localized and not expected to affect prey populations at scales relevant to
predatory species, including raptors. For more information regarding potential
effects to habitats, refer to the vegetation section of this chapter.

Upland Game Birds

Sage Grouse and Plains Sharp-Tailed Grouse
Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water Handling

Water-handling methods would not likely affect grouse species directly, but
would affect habitats that support these species. Potentia adverse effects of wa-
ter-handling facilities may include localized destruction of nesting, feeding, and
brood rearing habitats. Estimates of disturbances to vegetation types are pre-
sented in the vegetation section of this chapter.
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Waterfowl

Direct and Indirect Effects

Under Alternative 2A, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2A and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water-handling methods between Alternatives 2A and 1 differ most substantially
in the number of acres disturbed from construction of infiltration impoundments.
Alternative 2A would potentially disturb 32,253 acres, more than twice the acre-
age proposed for infiltration impoundments in Alternative 1. This shift in empha-
sis to infiltration impoundments may create new feeding, resting, and nesting
habitats. These areas are not expected to be important to local waterfowl because
of the availability of existing habitats.

Alternative 2B

Alternative 2B is similar to Alternative 1 in the type and magnitude of distur-
bance associated with the Project. However, Alternative 2B does differ in the
proportions assigned to the various water handling methods. Under this alterna-
tive, as compared to Alternative 1, there would be an increased emphasis on the
use of infiltration, containment reservoirs, and LAD; and a decreased emphasis
on the use of surface discharge. These differences in water handling would result
in variations of habitat disturbance and would not be expected to have unique or
different effect types from those presented under Alternative 1. For a complete
assessment of potentia effect types, refer to Alternative 1 of this chapter.

Terrestrial Species
Big Game

Pronghorn
Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-62 and Table 463 present estimates of disturbance
to ranges by surface owner and sub-watershed, respectively. Estimates of distur-
bance from water handling methods were available for range disturbance by sub-
watershed (Table 4-64). For an assessment of potential effects, refer to text under
Alternative 1.
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Table 4-62 Direct Short-term and Long-term Effectsto Pronghorn Ranges by
Surface Owner — Alternative 2B
|
Disturbance (acres)
BLM

BFO CFO FS State Private Total

£ E E E € £ £ £ £ £ E £

o T & 5 e g z g z g g T

S5 gt 2 5 2 5 £ : £ : %
Range o 2 &% 3 & 3 o 3 o 3 o3
Severe Winter 0 0 0 0 39 32 0 0 17 14 14 46
Crucial Winter Y earlong 0 0O 0 oO 0 0 0 0 0 0 0 0
Winter 1532 582 0 O 0 0 621 261 4860 2205 13919 3048
Winter Y earlong 4359 1620 17 14 1135 491 2693 1,122 57,572 22,609 143,02525,856
Yearlong 13330 5099 39 32 9,199 3734 12843 4,797 114,137 43,270 325,38856,932
Spring, Summer, Fall 102 41 17 14 0 0 11 9 969 387 2309 451
Total 19323 7,342 73 60 10,373 4257 16,168 6189177555 68,485484,65586,333

Table 4-63 Direct Short-term and Long-term Effectsto Pronghorn Ranges by Sub-water shed
— Alternative 2B
*
Spring,
Severe Crucial Winter Summer,
Winter Winter Winter Y earlong Y earlong Fall Tota

E g £ E = £ = £ £ £ E E £ £
£ g 55 5 5 5 F 5 3 533 B 3
5 2 5 2 5 2 5 2 5 2 5 2 5 2
Sub-watershed o 3 & 3 & 3 & 3 & S & S & 3
Little Bighorn River 0 0 0 O 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 O 0 0 139% 646 16,047 7,591 0 0 17444 8238
Middle Fork Powder 0 0 0 O 0 0 44 36 6 5 28 23 78 64
North Fork Powder 0 0 0 O 0 0 0 0 6 5 0 0 6 5
Upper Powder 0 0 0 0 7115 3578 32419 16,113 43248 21,333 6 5 82787 41,028
South Fork Powder 0 0 0 O 0 0 0 0 17 14 0 0 17 14
Salt Creek 0 0 0 O 0 0 423 170 220 114 28 23 671 307
Crazy Woman Creek 0 0 0 O 0 0 6 5 20126 9463 0 0 20132 9468
Clear Creek 0 0 0 O 0 0 3175 1579 16408 8,158 0 0 19583 9,737
Middle Powder River 0 0 0 0 309 165 0 0 4867 2398 1235599 6411 3162
Little Powder River 0O 0O O O 1168 88 10972 5471 15960 8,261 0 0 28100 14617
Little Missouri 0 0 0 O 0 0 17 14 435 356 0 0 452 370
Antelope Creek 22 23 0 0 0 0 2170 822 43320 16,495 0 0 45518 17,340
Dry Fork Cheyenne 22 23 0 0 0 0 50 41 193 158 0 0 211 222
Upper Cheyenne 0 0 0 O 0 0 1629 771 2197 1,080 0 0 3826 1851
Lightning Creek 0 0 0 O 0 0 22 18 248 203 0 0 27 221
Upper Belle Fourche 0 0 0 O 0 0 26064 12,810 10,052 5085 0 0 36116 17,895
Middle North Platte Casper 0 0 0 0 0 0 148 122 61 50 0 0 209 172
Total 56 46 0 0 8591 4,627 78535 38,618 173411 80,769 1,297 650 261,890 124,710
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Table 4-64 Pronghorn Water Handling Disturbances by Sub-water shed — Alter native 2B

|
Disturbance (acres)

Spring, Summer, Fall Winter Winter Yearlong Yearlong Total
H,O H.O H.O H,O H,O
Handling Handling Handling Handling Handling
No. of Disturbance No.of Disturbance No.of Disturbance No.of Disturbance No.of Disturbance

Sub-watershed wells Acres wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 186 224 2,280 2,747 2,466 2,972
Middle Fork Powder 0 0 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0 0 0
Upper Powder River 0 0 1,362 1,512 5861 6,506 7,741 8,593 14,964 16,610
South Fork Powder 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 12 20 6 10 18 30
Crazy Woman Creek 0 0 0 0 0 0 2,922 3,609 2,922 3,609
Clear Creek 0 0 0 0 556 687 2,870 3,544 3,426 4,231
Middle Powder 182 197 46 50 0 0 655 707 883 954
Little Powder 0 0 18 19 846 884 1,128 1,179 1,992 2,082
Little Missouri 0 0 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 77 75 1,567 1,536 1,644 1,611
Dry Fork Cheyenne 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 242 237 291 285 533 522
Lightning Creek 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 4225 4,119 1,651 1,610 5,876 5,729
Middle N Platte

Casper 0 0 0 0 0 0 0 0 0 0
Total 182 197 1,426 1,580 12,005 12,752 21,111 23,820 34,724 38,349

White-tailed Deer
Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 4-65 and Table 466 present estimates of disturbance
to ranges by surface owner and sub-watershed, respectively. Estimates of distur-
bance from water handling methods were available for range disturbance by sub-
watershed (Table 4-67). For an assessment of potential effects, refer to text under
Alternative 1.
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Table 4-65 Direct Short-term and Long-term Effects to White-tailed
Deer Ranges by Surface Owner — Alternative 2B

]
Disturbance (acres)

BLM
BFO CFO FS State Private Total
£ E E € E E = £ = £ E £
o T & 3 & ¢ Joi g Joi g T B
- - T
Range o S 5 S &5 S &5 3 &5 3 53
Yearlong 609 246 0 O 116 59 1837 669 13516 5340 16,078 6314
Winter Yearlong 39 3 0 0 0 0 0 0 0 32 78 64
Total 648 278 0 0 116 59 1837 669 13516 5372 16,156 6,378

Table 466 Direct Short-term and L ong-term Effectsto White-tailed
Deer Ranges by Sub-water shed — Alternative 2B

|
Disturbance (acres)

Y earlong Spring, Summer, Fall Total
= jo2) s o)) s o))

Sub-watershed 5 5 & 5 & 5

Little Bighorn River 0 0 0 0 0 0
Upper Tongue River 16,047 7,591 0 0 17,444 8,238
Middle Fork Powder 6 5 28 23 78 64
North Fork Powder 6 5 0 0 6 5
Upper Powder 43,248 21,333 6 5 82,787 41,028
South Fork Powder 17 14 0 0 17 14
Salt Creek 220 114 28 23 671 307
Crazy Woman Creek 20,126 9,463 0 0 20,132 9,468
Clear Creek 16,408 8,158 0 0 19,583 9,737
Middle Powder River 4,867 2,398 1,235 599 6,411 3,162
Little Powder River 15,960 8,261 0 0 28,100 14,617
Little Missouri 435 356 0 0 452 370
Antelope Creek 43,320 16,495 0 0 45,518 17,340
Dry Fork Cheyenne 193 158 0 0 271 222
Upper Cheyenne 2,197 1,080 0 0 3,826 1,851
Lightning Creek 248 203 0 0 270 221
Upper Belle Fourche 10,052 5,085 0 0 36,116 17,895
Middle North Platte Casper 61 50 0 0 209 172
Total 173,411 80,769 1,297 650 261,800 124,710
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Table4-67  White-tailed Deer Water Handling Distur bances by Sub-
water shed — Alternative 2B
________________________________________________________________________________________________________|

Y earlong Totd

No. of H,0O Handling No. of H,O Handling
wells Disturbance Acres wells Disturbance Acres
Little Bighorn 0 0 0 0
Upper Tongue River 863 1,040 863 1,040
Middle Fork Powder 0 0 0 0
North Fork Powder 0 0 0 0
Upper Powder River 806 895 806 895
South Fork Powder 0 0 0 0
Salt Creek 0 0 0 0
Crazy Woman Creek 156 193 156 193
Clear Creek 881 1,088 881 1,088
Middle Powder 18 19 18 19
Little Powder 72 75 72 75
Little Missouri 0 0 0 0
Antelope 9 9 9 9
Dry Fork Cheyenne 0 0 0 0
Upper Cheyenne 0 0 0 0
Lightning Creek 0 0 0 0
Upper Belle Fourche 19 19 19 19
Middle N Platte Casper 0 0 0 0
Total 2,824 3,337 2,824 3,337
Mule Deer

Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 468 and Table 469 present estimates of disturbance
for ranges by surface owner and sub-watershed, respectively. Estimates of distur-
bance from water handling methods were available for range disturbance by sub-
watershed (Table 4-70). For an assessment of potential effects, refer to text under
Alternative 1.
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Table 4-68 Direct Short-term and Long-term Effectsto Mule Deer

Ranges by Surface Owner — Alternative 2B

]
Disturbance (acres)

BLM
BFO CFO FS State Private Total
£ E £ € E € = £ = £ E £
Joi T 3 B g B Joi g Joi g T B
£ 2:f : 2 : £ 3 P2 3 ®
Range & S & S 5 S &5 3 &5 3 53
Winter Yearlong 17,679 6,321 0 0 52 18 8230 2,905 73,676 26,244 99,63735,488
Yearlong 8107 2901 0 0 2218 795 4,690 0 68,613 24,848 83,62830,206
Total 25786 9222 0 0 2270 813 12920 2,905142,289 51,002 183,26565,694

Table 4-69 Disturbanceto Mule Deer Ranges by Sub-water shed —

Alternative 2B

|
Disturbance (acres)

Winter Y earlong Y earlong Total

IS IS £ £ £ £

2 g 2 g 2 g

5 2 5 2 5 2
Sub-watershed & 3 o 2 o 2
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 18,029 8,448 1,282 1,238 19,311 9,686
Middle Fork Powder 0 0 17 14 17 14
North Fork Powder 0 0 0 0 0 0
Upper Powder 62,034 30,340 29,638 11,111 91,673 41,451
South Fork Powder 0 0 6 5 6 5
Salt Creek 1,008 380 144 50 1,152 430
Crazy Woman Creek 11,869 4,183 4,769 1,804 16,639 5,988
Clear Creek 14,817 5,245 2,941 1,765 17,758 7,010
Middle Powder River 4,715 2,212 1,399 513 6,114 2,725
Little Powder River 3,095 1,096 13,341 5,231 16,435 6,328
Little Missouri 0 0 0 0 0 0
Antelope Creek 770 279 20,779 7,285 21,549 7,563
Dry Fork Cheyenne 0 0 11 9 11 9
Upper Cheyenne 0 0 1,076 406 1,076 406
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 0 0 11,954 4,326 11,954 4,326
Middle North Platte Casper 0 0 0 0 0 0
Total 116,337 52,182 87,373 33,771 203,711 85,953
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Table4-70 Mule Deer Water Handling Distur bances by Sub-water shed
— Alternative 2B

|
Disturbance (acres)

Y earlong Winter Y earlong Total

H,O Handling H,O Handling H,O Handling
No. of Disturbance No.of  Disturbance No. of  Disturbance
Sub-watershed wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0
Upper Tongue River 863 1,040 2,589 3,120 3,452 4,160
Middle Fork Powder 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0
Upper Powder River 806 895 11,496 12,761 12,302 13,655
South Fork Powder 0 0 0 0 0 0
Salt Creek 0 0 31 51 31 51
Crazy Woman Creek 156 193 0 0 156 193
Clear Creek 881 1,088 0 0 881 1,088
Middle Powder 18 19 688 743 706 762
Little Powder 72 75 0 0 72 75
Little Missouri 0 0 0 0 0 0
Antelope 9 9 0 0 9 9
Dry Fork Cheyenne 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 19 19 0 0 19 19
Middle N Platte Casper 0 0 0 0 0 0
Total 2,824 3,337 14,804 16,674 17,628 20,012
Elk

Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. Table 471, Table 4-72, Table 4-73, and Table 4—74 present
estimates of disturbance to ranges by surface owner and sub-watershed, respec-
tively. Estimates of disturbance from water handling methods were available for
range disturbance by sub-watershed (Table 4-75). For an assessment of potential
effects, refer to text under Alternative 1.
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Table4-71 Direct Short-term and Long-term Effectsto EIk Ranges

(excluding Fortification Creek) by Surface Owner —

Alternative 2B
. ________________________________________________________________________________________________________________|]
Disturbance (acres)
BLM

BFO CFO FS State Private Total

£ E E E E E E £ E £ E E

g g & 3 g 3 g o g o g 3

5 P52 52 5 g2 5 2 § @
Range o 2 & 3 b 3 & ot & ot o 3
Yearlong 50 41 28 23 39 32 6 5 132 108 254 208
Crucial Winter
Yearlong 1 9 0 o0 0 0 17 14 17 14 4 36
Crucial Winter 1 9 0 o0 0o 0 1n 9 33 271 55 45
Spring, Summer,
Fall 6 5 0 0 0 o0 0 0o 1u 9 17 14
Winter 0 0 0 0 0 0 0 0 17 14 17 14
Winter Yearlong 11 9 0 0 11 9 0 0 28 23 50 4
Total 8 73 28 23 50 41 33 27 237 194 599 357

Table4-72 Disturbanceto Elk Ranges (excluding Fortification Creek) by Sub-water shed —
Alternative 2B
Disturbance (acres)
Crucial Crucial Winter Spring,
Winter Y earlong Summer, Fall  Winter  Winter Yearlong Yearlong Tota

$ ¥ £ £% P35 EF : P o:sE 3 ¢
Sub-watershed B3 B 2 b 2 b S 1 IR -, B B 2
Little Bighorn River 0 o0 0 0 O 0O O 0 0 0 0 O 0 0
Upper Tongue River 6 5 0 0 O 0O O 0 0 0 0 O 6 5
Middle Fork Powder 0 o 44 36 11 9 0 0 0 0 0 O 55 45
North Fork Powder 0O o 0 0 o 0 o 0 0 0 6 5 6 5
Upper Powder 0O o 0 0 o 0 o 0 0 0 39 32 39 32
South Fork Powder 0 0 0 0 0 0 0 0 0 0 6 5 6 5
Salt Creek 0 0 0 0 0 0 0 0 0 0 28 23 28 23
Crazy Woman Creek 0 0 0 0 0 0 6 5 0 0 0 O 6 5
Clear Creek 0 0 0 0 6 5 11 9 0 0 0 O 17 14
Middle Powder River 0O o 0 0 o 0 o 0 0 0 0 O 0 0
Little Powder River 0 o 0 0 o 0 o 0 0 0 0 O 0 0
Little Missouri 0O o 0 0 o 0 o 0 0 0 0 O 0 0
Antelope Creek 0 o 0 0 o 0 o 0 6 5 50 41 55 45
Dry Fork Cheyenne 0 O 0 0O O 0O o 0 0 0 0 O 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0 17 14 77 63 94 77
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 O 0 0
Upper Belle Fourche 0 O 0 0 O 0O o0 0 0 0 1 9 11 9
Middle North Platte Casper 0 0 0 0 O 0 O 0 0 0 0 0 0 0
Total 6 5 44 36 17 14 17 14 22 18 215 176 319 261
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Table4-73 Direct Short-term and Long-term Effectsto EIk Ranges
(Fortification Creek only) by Surface Owner —
Alternative 2B

Disturbance (acres)

BLM

Buffalo FO  Casper FO FS State Private Total

IS € E E E E £ IS £ IS £ £

T 3§ & 5 &z & s & T & &

t P L P 52 E 2 E 2 % g
Range & 2 &6 S o3 73 ot 73 et 5 S
Y earlong 3540 1276 0 O 0 O 675 245 3870 1,395 8,085 2916
Parturition 1,416 514 0 0 0 0 342 125 1,534 555 3,292 1,194
Winter Yearlong 1,948 702 0 O 0 O 446 162 2,125 770 4519 1,634
Crucial Winter
Range 467 170 0 O 0 O 215 78 1,308 476 1990 724

Table4-74 Direct Short-term and L ong-term Effectsto EIk Ranges
(Fortification Creek only) by Sub-water shed — Alternative

2B
]
Disturbance (acres)
Winter Winter Y earlong Y earlong Tota

5 2 5 g 5 2 5 g
Sub-watershed o 2 o 2 o ot 73 ot
Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder 10535 5368 4279 2180 5883 2997 2581 1,315
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder River 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0
Total 10535 5368 4279 2180 5883 2997 2581 1,315
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Table4-75

Elk (Fortification Creek only) Water Handling Disturbances by Sub-water shed —

Alternative 2B
|

Disturbance (acres)

Y earlong Parturition Winter Yearlong Crucial Winter Range
H.O H,O H.O H.O
Handling Handling Handling Handling
No.of  Disturbance  No. of Disturbance No. of Disturbance No. of Disturbance
Sub-watershed wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder River 2,208 2,451 888 986 1,228 1,363 532 591
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder 0 0 0 0 0 0 0 0
Little Powder 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle N Platte - Casper 0 0 0 0 0 0 0 0
Total 2,208 2,451 888 986 1,228 1,363 532 591
Moose

Under Alternative 2B, proposed well pads, compressors, and other facilities
would not impact any of the five moose ranges that occur in the Project Area.

Raptors

Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water Handling

Water handling methods would not likely affect raptors directly, but may affect
habitats that support prey species. Potential adverse effects of water handling
facilities may include localized destruction of prey habitats and possible changes
in population humbers of locally occurring prey species (e.g., small- and me-
dium-sized mammals). Any potentia effects to local prey populations would be
highly localized and not expected to affect prey populations at scales relevant to
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predatory species, including raptors. For more information regarding potential
effects to habitats, refer to the vegetation section of this chapter.

Upland Game Birds

Sage Grouse and Plains Sharp-tailed Grouse
Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water Handling

Water handling methods would not likely affect grouse species directly, but
would affect habitats that support these species. Potential adverse effects of water
handling facilities may include localized destruction of nesting, feeding, and
brood-rearing habitats. Estimates of disturbances to vegetation types are pre-
sented in the vegetation section of this chapter.

Waterfowl

Direct and Indirect Effects

Under Alternative 2B, the magnitude and type of effects would be similar to
those presented under Alternative 1, with the exception of the contribution of
disturbance associated with proposed water handling. Alternatives 2B and 1 dif-
fer only by the proportion of the various water handling methods and their asso-
ciated disturbances. For an assessment of potential effects, refer to text under
Alternative 1.

Water handling methods between Alternative 1 and 2B differ most substantially
in the number of acres disturbed from construction of infiltration impoundments.
Alternative 2B would potentially disturb 23,446 acres, nearly twice the acreage
proposed for infiltration impoundments in Alternative 1. This shift in emphasisto
infiltration impoundments may create new feeding, resting, and nesting habitats.
These areas are not expected to be important to local waterfowl because of the
availability of existing habitats, but they may be utilized.

Alternative 3

Alternative 3 differs from the other alternatives in that development is restricted
to non-federal leases. Because Alternative 3 is restricted to non-federal minerals,
there are fewer wells and related facilities and subsequently less disturbance. Ef-
fects associated with this aternative would be similar in type to those presented
in Alternative 1, 2A, and 2B but would be reduced in total disturbance acreage.
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For a complete assessment of potential effect types, refer to description of Alter-
native 1 section in this chapter.

Terrestrial Species

Big Game

Pronghorn

Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. Table 4—
76 and Table 4-77 present estimates of disturbance to ranges by surface owner
and sub-watershed, respectively. Estimates of disturbance from water handling
methods were available for range disturbance by sub-watershed (Table 4-78).

Table4-76 Direct Short-term and Long-term Effectsto Pronghorn
Ranges by Surface Owner — Alternative 3
. ____ ___________________________________|]
Surface Owner (acres)
BLM
Buffalo FO  Casper FO FS State Private Total
5 £ 5 2 5§88 5 g 5 ¢ 5 g
Range 5 3 B S 5 3 & 2 & 2 & 2
Severe Winter 0 0 0 O 0 0 0 0 17 14 17 14
Crucial Winter
Yearlong 0 0 0 O 0 0 0 0 0 0 0 0
Winter 0 0 0 O© 0 0 621 260 1970 1164 2591 1424
Winter Yearlong 0 0 0 0 33 117 2473 1,045 28200 12,227 31,003 13,389
Yearlong 28 10 0 0 1632 572 12,308 4,608 53730 21,848 67,698 27,038
Spring, Summer,
Fall 0 0 0 0 00 1 9 33 157 334 166
Total 28 10 0 0 1962 689 15413 5922 84,240 35410 101,643 42,081
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Table4-77

Direct Short-term and Long-term Effectsto Pronghorn Ranges by Sub-water shed
— Alternative 3

|
Disturbance (acres)

Severe  Crucia Winter Winter Spring, Summer,
Winter Y earlong Winter Y earlong Y earlong Fall Total
£ IS £ IS IS E E IS £ IS £ IS IS IS
sz g & g & g & g & g B g T B
5 P 5 P 5 25 F 5 P 5 ® o5 ¥
Sub-watershed 5 3 6 S & 3 H S H S B S &% 3
Little Bighorn River 0 0 0 0 0 0 o 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 126 152 1937 2334 2063 2486 0 0 0 0
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 o 0 0 0 0 0 0 0
Upper Powder River 0 0 329 215 1512 990 2042 1338 3883 2543 0 0 329 215
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 7 6 5 5 12 11 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 936 674 936 674 0 0 0 0
Clear Creek 0 0 0 0 332 388 1884 2204 2216 2593 0 0 0 0
Middle Powder River 20 16 8 7 0 0 165 135 193 158 20 16 8 7
Little Powder River 0 0 12 10 379 311 566 464 957 785 0 0 12 10
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 39 36 564 516 603 552 0 0 0 0
Dry Fork Cheyenne River 0 0 0 0 0 0O o0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 121 111 139 127 260 238 0 0 0 0
Lightning Creek 0 0 0 0 0 0 o 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 0 2240 23301115 1160 3355 3489 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 20 16 349 232 4756 4324 9353 8957 14478 13529 20 16 349 232
Table4-78 Pronghorn Water Handling Distur bances by Sub-water shed — Alternative 3
Disturbance (acres)
Spring, Summer, Fall Winter Winter Y earlong Y earlong Total
H.0O H.0 H.0 H.0 H.0
Handling Handling Handling Handling Handling
No. of Disturbance No.of Disturbance  No.of Disturbance No. of Disturbance No.of Disturbance
Sub-watershed wells Acres wells Acres wells Acres wells Acres wells Acres
Little Bighorn 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 126 152 1,937 2,334 2,063 2,486
Middle Fork Powder 0 0 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0 0 0
Upper Powder River 0 0 329 215 1,512 990 2,042 1,338 3,883 2,543
South Fork Powder 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 7 6 5 5 12 11
Crazy Woman Creek 0 0 0 0 0 0 936 674 936 674
Clear Creek 0 0 0 0 332 388 1,884 2,204 2,216 2,593
Middle Powder 20 16 8 7 0 0 165 135 193 158
Little Powder 0 0 12 10 379 311 566 464 957 785
Little Missouri 0 0 0 0 0 0 0 0 0 0
Antelope 0 0 0 0 39 36 564 516 603 552
Dry Fork Cheyenne 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 121 111 139 127 260 238
Lightning Creek 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 2,240 2,330 1,115 1,160 3,355 3,489
Middle N Platte Casper 0 0 0 0 0 0 0 0 0 0
Total 20 16 349 232 4,756 4,324 9,353 8957 14,478 13529
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White-tailed Deer
Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. Table 4—
79 and Table 4-80 present ranges by surface owner and sub-watershed, respec-
tively. Estimates of disturbance from water handling methods were available for
range disturbance by sub-watershed (Table 4-81).

Table4-79 Direct Short-term and L ong-term Effectsto White-tailed
Deer Ranges by Surface Owner — Alternative 3

Disturbance (acres)

BLM

BFO CFO FS State Private Total

E E E E E E £ IS £ IS £ £

2 & & &8 & & 5 g g g . 5

TPt Ppre P 5 B 5 B
Range b 3 6 3 6 3 ) 3 o 3 o 3
Year Long 66 54 0 0 35 143 4,161 1,486 25586 9,568 30,166 11,251
Winter 39 32 0 0 0 O 0 2662 26,835 9,564 34,343 12,258
Year Long
Total 105 8 0 0 354 143 4,161 4,148 52,421 19,132 64,509 23,509

Table 4-80 Direct Short-term and Long-term Effects To White-tailed
Deer Ranges by Sub-watershed — Alternative 3

Disturbance (acres)

Winter Y earlong Y earlong Totd

IS g £ g £ IS

g g z 5 z 5

5 2 5 2 5 2
Sub-watershed & S 5 S 5 9
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 0 0 6,017 2,829 6,017 2,829
Middle Fork Powder River 0 0 17 14 17 14
North Fork Powder River 0 0 0 0 0 0
Upper Powder River 0 0 2,568 1143 2568 11,435
South Fork Powder River 0 0 6 5 6 05
Salt Creek 0 0 0 0 0 0
Crazy Woman Creek 0 0 723 298 723 298
Clear Creek 0 0 4,545 2,213 4,545 2,213
Middle Powder River 22 18 43 20 65 38
Little Powder River 0 0 1,046 604 1,046 604
Little Missouri River 0 0 0 0 0 0
Antelope Creek 0 0 106 40 106 40
Dry Fork Cheyenne River 0 0 6 5 6 5
Upper Cheyenne River 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche River 0 0 132 80 132 80
Middle North Platte Casper 0 0 0 0 0 0

N
N
=
o

Total 15,224 7,262 15,246 7,280

4-191 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Table4-81  White-tailed Deer Water Handling Distur bances by Sub-
water shed — Alternative 3

Disturbance (acres)

Y ear Long Totd

H,O Handling H,O Handling
Disturbance Disturbance
Sub-watershed No. of wells Acres No. of wells Acres
Little Bighorn River 0 0 0 0
Upper Tongue River 813 980 813 980
Middle Fork Powder 0 0 0 0
North Fork Powder 0 0 0 0
Upper Powder 489 320 489 320
South Fork Powder 0 0 0 0
Salt Creek 0 0 0 0
Crazy Woman Creek 104 75 104 75
Clear Creek 810 948 810 948
Middle Powder River 8 7 8 7
Little Powder River 49 40 49 40
Little Missouri 0 0 0 0
Antelope Creek 4 4 4 4
Dry Fork Cheyenne 0 4 0 4
Upper Cheyenne 0 0 0 0
Lightning Creek 0 0 0 0
Upper Belle Fourche 16 17 16 17
Middle North Platte Casper 0 0 0 0
Tota 2,293 2,390 2,293 2,390
Mule Deer

Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. Table 4—
82 and Table 4-83 present estimates of disturbance to ranges by surface owner
and sub-watershed. Estimates of disturbance from water handling methods were
available for range disturbance by sub-watershed (Table 4-84).

Table 4-82 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Surface Owner — Alternative 3

Disturbance (acres)

BLM

BFO CFO FS State Private Total

IS € E E E € £ IS £ IS £ £

Z & & 3 & g g g g g o g

$ £ 2% g 5 2P 3 g 3 ¢®
Range R R 7 It B it B it & It
Winter 0 0 0o 0 O 0 8051 2842 32241 9,564 40,292 12,406
Y earlong
Y earlong 66 54 0 0 34 143 4,557 0 26,590 115,173 31,567 116,987
Total 66 54 0 0 354 143 12,608 2,842 58,831 124,737 71,859 129,393
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Table 4-83 Direct Short-term and Long-term Effectsto Mule Deer
Ranges by Sub-water shed — Alternative 3

Disturbance (acres)

Winter Y earlong Y earlong Total

£ IS S IS £ £

g CRE CHE

5 5 5§ 2 5 £
Sub-watershed 5 S 5 S 5 S
Little Bighorn River 0 0 17 14 17 14
Upper Tongue River 4,617 3,641 5,222 2,524 9,839 6,166
Middle Fork Powder River 0 0 17 14 17 14
North Fork Powder River 0 0 0 0 0 0
Upper Powder River 9,716 8,308 3,924 1,624 13,640 9,932
South Fork Powder River 0 0 6 5 6 5
Salt Creek 115 55 0 0 115 55
Crazy Woman Creek 660 225 870 344 1,530 570
Clear Creek 1,239 421 4,182 2,110 5,422 2,531
Middle Powder River 719 626 43 20 762 646
Little Powder River 185 76 1,046 604 1,231 680
Little Missouri River 0 0 0 0 0 0
Antelope Creek 0 0 289 104 289 104
Dry Fork Cheyenne River 0 0 6 5 6 5
Upper Cheyenne River 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche River 0 0 1,004 425 1,004 425
Middle North Platte Casper 0 0 0 0 0 0
Totd 17,252 13,352 16,625 7,790 33,877 21,142

Table4-84 Mule Deer Water Handling Distur bances by Sub-water shed

— Alternative 3
Disturbance (acres)
Y earlong Winter Yearlong Tota
H,O Handling H,O Handling H,O Handling
No. of Disturbance  No. of Disturbance  No. of  Disturbance
Sub-watershed wells Acres wells Acres wells Acres
Little Bighorn River 0 0 0 0 0 0
Upper Tongue River 813 980 2,589 3,120 3,402 4,099
Middle Fork Powder 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0
Upper Powder 489 320 11,496 7,530 11,985 7,850
South Fork Powder 0 0 0 0 0 0
Salt Creek 0 0 31 28 31 28
Crazy Woman Creek 104 75 0 0 104 75
Clear Creek 810 948 0 0 810 948
Middle Powder River 8 7 688 564 696 571
Little Powder River 49 40 0 0 49 40
Little Missouri 0 0 0 0 0 0
Antelope Creek 4 4 0 0 4 4
Dry Fork Cheyenne 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0
Upper Belle Fourche 16 17 0 0 16 17
Middle North Platte Casper 0 0 0 0 0 0

Total 2,293 2,390 14,804 11,242 17,097 13,632
L]
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Elk
Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other aternatives.
For an assessment of potential effects, refer to text under Alternative 1. Table 4—
85, Table 486, Table 487, and Table 4-88 present estimates of disturbance to
ranges by surface owner and sub-watershed, respectively. Estimates of distur-
bance from water handling methods were available for range disturbance by sub-
watershed (Table 4-89).

Table4-85 Direct Short-term and L ong-term Effectsto EIk Ranges
(Fortification Creek only) by Surface Owner — Alternative 3

Disturbance (acres)

BLM

BFO CFO FS State Private Total

IS £ £ £ IS £ IS £ IS £ IS IS

T 5 5 5 5 3 8 o5 % B OB B

5 25 25 25 25 2 5 ¥
Range 5 3 6 3 & S & S 6 S & S
Y earl ong 0 0 0 0 0 0 675 245 544 195 1,219 440
Parturition 0 0 0 0 0 0 342 125 61 22 403 147
Winter Y earlong 0 0 0 0 0 0 446 162 175 63 621 225
Crucia Winter Range 0 0 0 0 0 0 215 78 63 30 278 108

Table 4-86 Direct Short-term and Long-term Effectsto EIk Ranges
(Fortification Creek only) by Sub-watershed — Alternative 3

Disturbance (acres)

Crucia Winter
Year Long Parturition Winter Year Long Range

Sub-watershed
Little Bighorn River
Upper Tongue River
Middle Fork Powder
North Fork Powder
Upper Powder River 9,53
South Fork Powder

Salt Creek

Crazy Woman Creek

Clear Creek

Middle Powder River
Little Powder River

Little Missouri

Antelope Creek

Dry Fork Cheyenne

Upper Cheyenne
Lightning Creek

Upper Belle Fourche
Middle North Platte Casper
Tota

Long Term
Long Term
Long Term

8 5 o o ofShort Term
o o o oftong Term
o o o ofShort Term

4,36

[¢8)

1,56

Y

1,56

o

8
coocoocoocoococoooo R oooofhotTem

NS

1,07

N
W
cooooocooocoooo® o oo ofShotTem

[eNeoloNoNoNoNoNoloNololoNoRNloNoNoNe]
[eNoloNoNoNoNoNoloNololoNeNo oo NoNe]
[eNoloNoNoloNoNoloololoNol VeNoNoNe]
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Table 4-87 Direct Short-term and Long-term Effectsto EIk Ranges
(excluding Fortification Creek) by Surface Owner —

Alternative 3
]
Disturbance (acres)
BLM
BFO CFO FS State Private Total
£ IS S IS £ IS S £ S IS S IS
I 5 F 5 E B EZ 3 E 5 %3
5 2 £ 2 5 2 5 2 5 2 5 8
Renge n 3 5 3 v 3 5 3 0 3 & 3
Year Long 50 41 28 0 0 0 838 33 244 111 410 185
Critical Winter Year Long 11 9 0 0 0 0 0 0O 8 33 99 42
Critical Winter 11 9 0 0 0 0 11 9 6 5 28 23
Spring/Summer/Fall 6 5 0 0 0 0 0 0 6 5 12 10
Winter 0 0 0 0 0 0 0 0 11 9 11 9
Winter Year Long 11 9 0 0 0 0 0 0 0 0 11 9
TOTAL 89 73 28 0 0 0 99 42 354 162 571 278

Table 4-88 Direct Short-term and Long-term Effectsto EIk Ranges (excluding
Fortification Creek) by Sub-watershed — Alternative 3

Disturbance (acres)

Crucid
Crucia Winter Spring, Winter
Winter Y earlong Yearlong Summer, Fall ~ Winter Y earlong Total

$ P L 25 P : 2 E PGB OPOGE OB
R 5 35 3 6 3 5 3 6 3 6 3 & 3
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 6 5 0 0 0 0 0 0 0 0 0 0 6 5
Middle Fork Powder 0 0 0 0 6 5 0 0 0 0 0 0 6 5
North Fork Powder 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Powder 11 9 775 28 83 28 0 0 0 0 338 122 432 159
South Fork Powder 283 103 6 5 0 0 0 0 0 0 0 0 283 103
Salt Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0 6 5 0 0 6 5
Clear Creek 0 0 0 0 0 0 6 5 6 5 0 0 12 10
Middle Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 17 14 0 0 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 1 9 0 0 0 0 0 0 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 300 117 808 315 89 33 6 5 12 10 338 122 745 287
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Table 4-89 Elk (Fortification Creek only) Water-Handling Disturbances by
Surface Owner — Alternative 3
. _______________________________________________________________________________________________________________|]

Year Long Parturition Winter Year Long Crucial Winter Range
H.O Handling H.O Handling H,O Handling H.O Handling
No. of Disturbance No. of Disturbance. No.of Disturbance No.of Disturbance
Sub-watershed wells Acres wells Acres wells acres wells Acres
Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 0 0 0 0 0 0 0 0
Middle Fork Powder 0 0 0 0 0 0 0 0
North Fork Powder 0 0 0 0 0 0 0 0
Upper Powder River 2,208 1,446 888 582 1,228 804 532 348
South Fork Powder 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 0 0
Crazy Woman Creek 0 0 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0 0 0
Middle Powder River 0 0 0 0 0 0 0 0
Little Powder River 0 0 0 0 0 0 0 0
Little Missouri 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 0 0 0 0 0
Dry Fork Cheyenne 0 0 0 0 0 0 0 0
Upper Cheyenne 0 0 0 0 0 0 0 0
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche 0 0 0 0 0 0 0 0
Middle North Platte Casper 0 0 0 0 0 0 0 0
Total 2,208 1,446 888 582 1,228 804 532 348

3 y

Moose
Direct and Indirect Effects

Under Alternative 3, no moose habitats would be directly or indirectly affected.
Raptors

Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. The fol-
lowing tables present estimates of disturbance to range by surface owner and sub-
watershed under this alternative. These estimates include disturbances associated
with water handling methods.

Water Handling

Water handling methods would not likely affect raptors directly, but may affect
habitats that support prey species. Potential adverse effects of water handling
facilities may include localized destruction of prey habitats and possible changes
in population numbers of locally occurring prey species (e.g., small- and me-
dium- sized mammals). Any potentia effectsto local prey populations would be
highly localized and not expected to affect prey populations at scales relevant to
predatory species, including raptors. For more information regarding potential
effects to habitats, refer to the vegetation section of this chapter.
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Upland Game Birds

Sage Grouse and Plains Sharp-tailed Grouse
Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. The fol-
lowing tables present estimates of disturbance to range by surface owner and sub-
watershed under this alternative. These estimates include disturbances associated
with water handling methods.

Water Handling

Water handling methods would not likely affect grouse species directly, but
would affect habitats that support these species. Potential adverse effects of water
handling facilities may include localized destruction of nesting, feeding, and
brood rearing habitats. Estimates of disturbances to vegetation types are pre-
sented in the vegetation section of this chapter.

Waterfowl

Direct and Indirect Effects

Under Alternative 3, the effect types would be similar and the estimated magni-
tude of effects would be less than those presented under the other alternatives.
For an assessment of potential effects, refer to text under Alternative 1. The fol-
lowing tables present estimates of disturbance to range by surface owner and sub-
watershed under this alternative. These estimates include disturbances associated
with water handling methods.

Cumulative Effects

Implementation of each of the alternatives would contribute to cumulative effects
to big game species in the Project Area. Cumulative short- and long-term distur-
bance to big game species by aternative and sub-watershed are presented for
each big game species. Included in this cumulative analysis are the direct effects
of oil and gas (conventional and CBM) development. The Alternative 3 data do
not include potential new federal wells that would be developed in response to
drainage situations caused by production on adjacent state or fee minerals. Addi-
tional oil and gas development (conventional and CBM) may occur at a later date
beyond the level of development considered in this analysis. Other activities con-
tributing to cumulative effects to wildlife in the Project Area include: coal min-
ing; uranium mining; sand, gravel, and scoria mining; ranching; agriculture; road
and railroad construction; and rural and urban housing devel opment.

On-going coal mining activities disturb surface lands at a rate of approximately
2,000 acres per year, with 1,850 acres successfully reclaimed on annual basis. At
present, approximately 54,000 acres have been disturbed by coal mining, while
20,200 acres have been successfully reclaimed. An unknown portion of disturbed
coal mining areais currently undergoing reclamation, but has not yet met success

4-197 PRB O & G DEIS



Chapter 4 — Environmental Consequences

standards. A similar level of both new disturbance and reclamation success is
expected in the near future.

Uranium mining has resulted in the disturbance of approximately 4,400 acres,
while sand, gravel, and scoria mining has resulted in the disturbance of approxi-
mately 1,200 acres. Agriculture has resulted in impacts to approximately 113,643
acres of lands formally occupied by native vegetation that may be suitable to
wildlife. Urban development has resulted in the loss of approximately 4,362
acres of native vegetation that may be suitable wildlife habitat. A minor amount
of new rural and urban development is expected in the foreseeable future but no
estimate of the amount or types of vegetation disturbance has been made. Cumu-
lative impacts to vegetation from roads, railroads, and rura development have
not been estimated.

The total acreage affected by CBM development would not be disturbed simulta-
neoudly, because Project development would occur over the life of the Project.
Some of the disturbed acreage would be reclaimed or would be in the process of
being reclaimed when new disturbances are initiated. CBM development is ex-
pected to occur at arate faster than abandonment and reclamation of wells. In the
near future, the amount of disturbed habitats is likely to increase, although the
anticipated life of CBM wells (12-20 years) indicates that reclamation would
eventually overtake new well development, resulting in a net decrease in dis-
turbed vegetation for the long-term.

Cumulative effects would also occur to vegetation resources as a result of indi-
rect impacts. One impact is the potential import and spread of noxious weeds
around Project facilities. Noxious weeds have the ability to displace native vege-
tation and hinder reclamation efforts. If weed mitigation and preventative proce-
dures are applied to all construction and reclamation practices, the impact of nox-
ious weeds would be minimized.

In areas reclaimed after CBM development, the reclaimed areas often differ sub-
stantially from undisturbed areas in terms of vegetation cover. Reclaimed areas
may not serve ecosystem functions presently served by undisturbed vegetation
communities and habitats, particularly in the short-term, when species composi-
tion, shrub cover, and other environmental factors are likely to be different. Es-
tablishment of noxious weeds and aternation of vegetation along drainages and
reclaimed areas has the potential to alter wildlife habitat composition and distri-
bution. As a result, shifts in habitat composition or distribution may affect wild-
life species within the Project Area.

Pronghorn, White-tailed Deer, Mule Deer, and Elk

The following tables present the cumulative percentage of total big game range
disturbance in the sub-watersheds for each aternative for pronghorn (Table 4—
90), white-tailed deer (

Table 4-91), mule deer (Table 4-92), and ek (Table 4-93).

4-198 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Table4-90  Cumulative Habitat Lossin Sub-watersheds by Alternative
for Pronghorn
____________________________________________________________________________ __________________|]

Alternative
1 2A 2B 3

£ £ IS 1S £ 1S IS g

52 $g ¥E 8F &E TE BE 3%

IR R R
Sub-watershed he S & 38 He S e Je
Little Bighorn River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Tongue River 0.04 0.03 0.04 0.03 0.04 0.03 0.04 0.02
Middle Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
North Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Powder River 0.07 0.04 0.08 0.04 0.07 0.04 0.03 0.02
South Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Salt Creek 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Crazy Woman Creek 0.04 0.02 0.04 0.02 0.04 0.02 0.01 0.01
Clear Creek 0.04 0.02 0.05 0.03 0.04 0.02 0.03 0.02
Middle Powder River 0.05 0.04 0.05 0.05 0.05 0.05 0.03 0.03
Little Powder River 0.07 0.05 0.07 0.05 0.07 0.05 0.06 0.05
Little Missouri River 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Antelope Creek 0.09 0.04 0.09 0.04 0.09 0.04 0.04 0.03
Dry Fork Cheyenne River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Cheyenne River 0.03 0.02 0.04 0.02 0.03 0.02 0.02 0.02
Lightning Creek 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Upper Belle Fourche River 0.09 0.06 0.09 0.06 0.09 0.06 0.07 0.06
Middle North Casper River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.05 0.03 0.05 0.03 0.05 0.03 0.03 0.02

Table4-91  Cumulative Habitat Lossin Sub-watersheds by Alternative
for White-tailed Deer

Alternative
1 2A 2B 3

5= E= E2 = §=2 E= Ee §e
Sub-watershed 52 Ss He Ss He Se Hpe Sse
Little Bighorn River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Tongue River 004 002 004 001 004 001 003 001
Middle Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
North Fork Powder River 000 000 000 000 000 000 000 000
Upper Powder River 008 005 009 003 009 003 006 003
South Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Salt Creek 000 000 000 000 000 000 000 000
Crazy Woman Cresk 003 002 003 001 003 00l 002 001
Clear Creek 0.05 0.03 0.05 0.02 0.05 0.02 0.04 0.02
Middle Powder River 001 001 001 001 001 001 001 001
Little Powder River 003 002 003 001 003 00l 002 001
Little Missouri River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Antelope Creek 002 001 002 001 002 001 001 001
Dry Fork Cheyenne River 000 000 000 000 000 000 000 000
Upper Cheyenne River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lightning Creek 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00
Upper Belle Fourche River 0.04 0.03 0.04 0.01 0.04 0.01 0.03 0.01
Middle North Casper River 000 000 000 000 000 000 000 000
Total 000 000 004 001 004 001 003 001
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Table4-92  Cumulative Habitat Lossin Sub-watersheds by Alternative
for Mule Deer
_______________________________________________________________________________________________|]

Alternatives
1 2A 2B 3

£ £ E £ E £ E £

T¥ BF &¥ B¥F &¥ BF LT¥ &TF

IR R R
Sub-watershed 528 S8 pe S8 He Ss H5s Se
Little Bighorn River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Tongue River 003 002 003 002 003 002 002 002
Middle Fork Powder River 000 000 000 000 000 000 000 000
North Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Powder River 007 003 006 003 007 004 002 002
South Fork Powder River 000 000 000 000 000 000 000 000
Salt Creek 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00
Crazy Woman Creek 003 001 003 001 003 001 000 000
Clear Creek 004 002 004 002 004 002 001 001
Middle Powder River 0.05 0.03 0.05 0.03 0.05 0.03 0.03 0.03
Little Powder River 005 003 005 003 005 003 003 003
Little Missouri River 000 000 000 000 000 000 000 000
Antelope Creek 0.05 0.02 0.05 0.02 0.05 0.02 0.01 0.01
Dry Fork Cheyenne River 000 000 000 000 000 000 000 000
Upper Cheyenne River 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.01
Lightning Creek 001 001 00I 00l 001 00l 001 001
Upper Belle Fourche River 0.06 0.04 0.06 0.04 0.06 0.04 0.03 0.03
Middle North Casper River 000 000 000 000 000 000 000 000
Total 0.04 0.02 0.04 0.02 0.04 0.02 0.02 0.01

Table 4-93 Cumulative Habitat Lossin Sub-watersheds by Alternative for
Elk (excluding Fortification Creek)

Alternatives
1 2A 2B 3

£ € 3 € E € 3 £

¥ g§F 8% BE &F gL¥F T¥ §F

sfoeP R P ol ogE ol el
Sub-watershed 52 S92 He 98 H2 Se Hses Sse
Little Bighorn River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Tongue River 000 000 000 000 000 000 000 000
Middle Fork Powder River 000 000 000 000 000 000 000 000
North Fork Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Powder River 001 001 00l 001 001 00l 008 003
South Fork Powder River 002 002 002 002 002 002 003 002
Salt Creek 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crazy Woman Creek 000 000 000 000 000 000 000 000
Clear Creek 000 000 000 000 000 000 000 000
Middle Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Little Powder River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Little Missouri River 000 000 000 000 000 000 000 000
Antelope Creek 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Dry Fork Cheyenne River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Cheyenne River 000 000 000 000 000 000 000 000
Lightning Creek 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Upper Belle Fourche River 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Middle North Casper River 000 000 000 000 000 000 000 000
Total 0.04 0.04 0.04 0.04 0.04 0.04 0.12 0.06
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Moose

Cumulative effects to the moose were not evaluated because none of the pro-
posed alternatives directly affect moose habitat within the Project Area. Cumula-
tive effects to existing moose habitats may occur as exploration and devel opment
of gas and minera resources continue in the Powder River Basin. Indirect cumu-
lative effects include the potential establishment of noxious weeds that may re-
duce the quantity and quality of existing moose habitats.

Raptors

Negative cumulative effects to raptors resulting from current, proposed and fu-
ture activities such as gas and mineral exploration and development, agricultural
activities, and urban development may include increased disturbance to nesting
raptors, degradation and/or destruction of nesting habitats, increased raptor colli-
sions with power lines and fences, increased electrocutions, and increased ve-
hicular collisions with carrion-feeding raptors. As development brings additional
power lines to the Project Area, the use of power poles as perches may be a posi-
tive effect to raptor species. This positive effect may lead to an increased hunting
efficiency which, in turn, may result in higher fledging rates for nesting raptors.

Upland Game Birds

Implementation of each of the alternatives would contribute to cumulative effects
to upland game birds that occur within the Project Area. These effects include
increased human disturbance and physical degradation or destruction of breeding
grounds (leks) and reproductive areas (nesting and brood-rearing areas).

Waterfowl

Potential negative cumulative effects may result following the implementation of
each of the proposed aternatives. Negative effects would include degradation of
exigting nesting, feeding, and resting habitats resulting from potential increases
or fluctuations in surface water levels. Positive effects would include the poten-
tial creation of suitable nesting, resting, or feeding habitats following surface
containment features related to these proposed alternatives and/or future actions
not addressed in this document.

Aquatic Species

For the purposes of this analysis, it is assumed that wells that discharge produced
water on the surface and wells that discharge water to infiltration ponds may
have potential effects on aquatic species. Water produced from wells and man-
aged using other water handling-methods (containment, LAD, and injection)
would not have effects on existing surface waters because none of the discharged
water under these water handling methods would reach drainages in the sub-
watersheds. Therefore, these three water-handling methods will not be analyzed
further.

Water handling methods were “modeled” and the models indicate that no dis-

charged CBM water would reach mainstem rivers such as the Upper Tongue
River, Powder River, Little Powder River, Cheyenne River, and Belle Fourche
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River; however, for the purposes of this analysis, it is assumed that 20 percent of
discharged water would reach mainstem rivers (Surface Water Quantity section).
Projected annual outflows at sub-watershed boundaries are listed in Table 4-1,
and annua flow characteristics at sub-watershed boundaries are listed in Table
3-5. A comparison of these two tables shows the projected increases in flow
amounts by sub-watershed over the life of the Project.

The amount of water that may enter drainages below infiltration ponds due to
rising water tables in shallow aquifers is unknown (Groundwater Flow section);
however, if some of this water seepsinto drainages, it could contribute to the sur-
face water discharge effects discussed below.

With project adherence to NPDES permit requirements, discharges of CBM pro-
duced water to surface drainages would not likely result in violations of the
Clean Water Act. The quality of produced water is not expected to noticeably
affect aquatic life. NPDES permits specify water quality standards intended to
protect designated uses, such as agriculture, livestock watering, and aquatic
health. Therefore, water quality of receiving waters in the Powder River Basin
should not be degraded to levels below aguatic life standards in tributaries and
mainstems.

While containment reservoirs are expected to accumul ate salts and heavy metals,
they should not support fish species or macroinvertebrate populations; therefore,
there should be no effect on aguatic species. Streams are not expected to accumu-
late sdlts and heavy metals to the point where aquatic species are affected. Table
3-2 shows CBM produced water quality in the PRB, including metals and salts.

Mitigation measures expected to eliminate or minimize potential effects to
aquatic species are provided at the end of this chapter.

Alternative 1

Under Alternative 1, 62 percent of the proposed wells would discharge produced
water on the surface and 23 percent would discharge produced water to infiltra-
tion reservoirs. Ten of eighteen sub-watersheds would receive produced water.
Alternative 1 has the most proposed surface discharge of the four aternatives.
Some direct/indirect effects may occur to aquatic species, assuming 20 percent of
produced CBM water reaches some mainstem rivers.

Direct/Indirect Effects

Several effects of concern to aquatic species in the Project Area were considered
in this analysis. Direct and indirect effects may include changes in timing and
guantity of stream flows, increases and fluctuations in sedimentation, increasesin
concentrations of salts in streams, increasing concentrations of metals (e.g., bar-
ium, selenium), accidental spills of fuels or drilling fluids, and potential down-
stream trans-boundary water qudity effectsin Montana (Appendix B).

Timing and Quantity of Stream Flows
Stream flows are expected to increase to varying degrees in al ten sub-
watersheds that would receive CBM produced water under Alternative 1 (Table
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4-1). Increasing stream flows could have both positive and negative effects on
aguatic species. The main positive effect would be to provide habitat to fish and
macroinvertebrates in areas that are normally dry. This could provide opportuni-
ties for population growth. Increased flows may also benefit fisheries where con-
tainment and/or flow-through ponds are developed for fisheries. With proper wa-
ter quality, these ponds could serve as sport fisheries or be used for breeding na-
tive species of concern.

Negative effects to fish could occur if streamflows are increased substantialy,
especially during spawning periods. Increased streamflows could make it diffi-
cult for certain species to migrate upstream to spawning and rearing aress, espe-
cialy in reaches where manmade barriers exist (i.e. dams, water diversions). In-
creased flows in rearing areas may also make survival more difficult for young
fish.

Groundwater depletions may impact current instream flows in isolated streams
throughout the Project Area. These areas would likely be in shallow aluvium
where coal seams are near the surface which could experience reductions in
stream flows, but instream flows in the overall Project Area are not expected to
be largely impacted by groundwater depletion because the affected aquifer is
usually very deep.

Assuming that 20 percent of produced CBM from surface discharge would reach
the sub-watersheds and comparing projected outflow numbers at sub-watershed
boundaries (Table 4-1) to annua minimum flows (Table 3-5), the Upper Tongue
River, Salt Creek, and Middle Powder River above Crazy Woman Creek would
not see noticeable increases in stream flows during low flow periods. The other
seven sub-watersheds may see noticeable increases in stream flows during low
flow periods. These are the Upper Powder River, Crazy Woman Creek, Clear
Creek, Little Powder River, Antelope Creek, Upper Cheyenne River, and Upper
Belle Fourche River. Aquatic species in these sub-watersheds may be impacted,
as discussed above, by the amount of surface water discharge under Alternative
1, especially during low flow periods.

Increases and Decreases in Sedimentation

Erosion rates in stream channels increase as instream flows increase, which may
increase sedimentation in streams. For sub-watersheds in the Project Area, ten
percent of soil loss would remain in the water flow at the point of exit from the
sub-watershed (Blatt et a. 1972). Increased sedimentation can affect aquatic re-
sources by filling interstitial (intergravel) spaces and pool habitats. This can re-
duce the availability of suitable spawning and rearing habitats. Aquatic macroin-
vertebrates are also highly dependent on interstitial spaces for different life
stages, and sedimentation can cause large decreases in population numbers and
change species compositions. This can be very detrimental to fisheries that are
dependent on macroinvertebrates as primary food supplies and can change the
abundance and diversity of fish populations.

Increased sedimentation may also reduce productivity of, or eliminate, rooted and
un-rooted aguatic vegetation that many species of macroinvertebrates and fish
depend on for food and habitat; this may also reduce populations of fish and
macroinvertebrates. An increase of ten percent sediment load in these sub-

4-203 PRB O & G DEIS



Chapter 4 — Environmental Consequences

watersheds (Sedimentation Section, Chapter 4) may have a minor impact on fish
and macroinvertebrate species and their habitats.

Because produced CBM water is relatively low in sediments, receiving waters in
streams and rivers may be more turbid, resulting in decreased turbidity and sedi-
mentation. This could be detrimental to fish species that are dependent on turbid
waters, and may allow for more aggressive exotic species invasion. However,
naturally occurring turbid waters are generally well downstream of CBM dis-
charge points and turbidity would likely be a near-natural levels when entering
higher turbidity waters. These effects would be minimal and isolated.

The Upper Tongue River, Salt Creek, Middle Powder River, and Upper Chey-
enne River would not see noticeable increases in stream flows or increased sedi-
mentation and impacts to aguatic species would be minimal or non-existent. The
other six sub-watersheds may see noticeable increasesin stream flows during low
flow periods that may noticeably increase sediment loads in these watersheds.
These are the Upper Powder River, Crazy Woman Creek, Clear Creek, Little
Powder River, Antelope Creek, and Upper Belle Fourche River. Aquatic species
in these sub-watersheds may be impacted, as discussed above, by an increase in
sedimentation.

The proposed addition of over 17,000 miles of new roads within the Project Area
would lead to additional sedimentation in drainages in all sub-watersheds within
the Project Area. Roads allow for increased runoff that leads to increased sedi-
mentation. Increased sedimentation resulting from roads would be most notice-
able during storm events, including wind blowing dust off of roads which may
enter drainage systems.

Increases and Decreases in Salt Concentrations

Increases in salt concentrations can ater the algae and macroinvertebrate compo-
sition of streams and, if sufficiently elevated, can ater the abundance and diver-
sity of fish species. Projected CBM produced water has salinities that differ from
the existing receiving waters in the ten sub-watersheds (surface water quality sec-
tion in chapter 4). Salinity in receiving waters is predicted to increase dightly in
the Upper Tongue River, Upper Powder River, Crazy Woman Creek, Clear
Creek, Middle Powder River, and Antelope Creek sub-watersheds. Salinity is
expected to decrease dightly in the Little Powder River, Upper Cheyenne River,
and Upper Belle Fourche River sub-watersheds. Salinity in Sat Creek will re-
main unchanged. A substantial decrease in sainity (20 percent) in the Upper
Belle Fourche River sub-watershed is predicted; this may affect fish and macro-
invertebrate species, but may be beneficial to native species. The salinity in the
remaining eight sub-watersheds would change by less than ten percent. Aquatic
species may experience minor effects from the predicted changes in salinity, but
population dynamics should not be affected.

A recent study by the Montana Fish, Wildlife, and Parks (Skaar 2001) described
concerns relating to sodium bicarbonate toxicity to aguatic life in the Powder and
Tongue Rivers. The study suggests that bicarbonate levels should be monitored
for their potential effects on aquatic life, especialy fish. Low, moderate, and high
probability thresholds were modeled for each river to determine letha limits to
the fathead minnow; these limits can then be generally applied to many fish spe-
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cies. Limits were established at 530 mg/L to meet the low probability threshold,
1000 mg/L to meet the moderate threshold, and 1475 mg/L to meet the high
threshold in the Tongue River near Miles City, Montana. They were established
at 400 mg/L, 870 mg/L, and 1340 mg/L, respectively, for the Powder River near
Locate, Montana. These established thresholds could be used to initiate a moni-
toring program for bicarbonate in all ten sub-watersheds that receive CBM pro-
duced water. Refer to Table 3-2 for measured bicarbonate levels in CBM pro-
duced waters within the Project Area. Fish and macroinvertebrates could be
negatively impacted by elevated bicarbonate levels in the receiving sub-
watersheds. Concentrations of bicarbonate are generally higher during low flow
periods, and lower during high flow periods, resulting in greater accumulations
and greater effects on aquatic life during low flow periods.

In addition to salts being added directly to surface drainages, CBM produced wa-
ters that do not reach drainages will evaporate and deposit salts in soils through-
out the sub-watersheds. This accumulation of salts in the soils will continue as
long as CBM produced water is discharged, and may be released into surface
drainages and groundwater for years after the discharge of water ceases, further
increasing salinity in surface drainages and potentially affecting fish and macro-
invertebrates.

Increases in Metals

CBM produced water within the Project Area has been shown to contain low lev-
els of metals such as selenium (Table 3-2). Effects of selenium on fish may range
from physical malformations during embryonic development to sterility and
death (Lemly and Smith 1987). Concentrations greater than 2 to 5 pug/L in water
can cause reproductive failure or mortality in fish due to foodchain bioaccumula-
tion (Lemly and Smith 1987). Selenium can be absorbed or ingested by organ-
isms, can bind to particulate matter, or can remain free in solution. Most of it
usually accumulates in the top layer of sediment and detritus. Selenium can then
be cycled back into the biota and remain elevated for years after selenium input
has stopped (Lemly and Smith 1987). Generally, flowing waters accumulate less
selenium than do standing waters that have low flushing rates and recovery is
much slower in shallow impoundments and wetlands than in fast-flowing rivers
and streams (Lemly and Smith 1987).

Levels of selenium in CBM produced water in the Project Area are much lower
than the specified level of concern. Water quality was anayzed in six sub-
watersheds, and selenium was undetected in CBM produced water in the Ante-
lope Creek and the Upper Cheyenne River sub-watersheds. Selenium was de-
tected in CBM produced water in the Upper Powder River, Middle Powder
River, Little Powder River, and Upper Belle Fourche River sub-watersheds. The
highest mean selenium concentration within these sub-watersheds was 0.83 pg/L
(Table 3-2), which is below hazardous levels to fish. Concentrations of selenium
are generally higher during low flow periods, and lower during high flow peri-
ods, resulting in greater accumulations during low flow periods.

Although selenium concentrations were measured below hazardous limits, bioac-
cumulation of selenium may increase as more selenium is introduced into the
ecosystem. Levels of selenium could reach dangerous levels for fish over the life
of the Project. It is anticipated that containment ponds and reservoirs would have
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a much higher probability of achieving hazardous levels of selenium than do the
stream and river systems within the ten sub-watersheds in the Project Area. Fish
and macroinvertebrate species that may exist in ponds and reservoirs that receive
CBM produced water may experience effects from selenium bioaccumulation.
Fish and macroinvertebrate species in stream and river systems within the ten
sub-watersheds may be impacted by increased selenium inpuit.

Fuel and Drilling Fluid Spills

Fuel and drilling fluid spills can result in fish and macroinvertebrate kills and
degradation of habitat. The severity and scope of a stream kill would depend
upon the volume spilled, distance of the spill from surface water, and the chemi-
cal and toxicological properties of the spilled materials.

Increases or Decreases in Species Diversity

Changes in flow, sedimentation and turbidity, and water quality (including salin-
ity and metals) could al potentially affect fish and macroinvertebrate species di-
versity, especially if these conditions remain changed for a long period. The
longer the duration for CBM produced waters entering drainages, the greater the
probability there would be of it affecting species diversity over larger portions of
drainages.

Trans-boundary Water Quality Effects

The states of Wyoming and Montana have developed an Interim Water Quality
Criteria MOC that states that water quality in streams and rivers entering Mon-
tana from Wyoming will not exceed set limits for toxicity due to CBM produced
water being discharged in Wyoming. Sufficient mitigation measures would be in
place to ensure that water quality would not be degraded substantially at the
Wyoming/Montana border (Appendix B).

Alternative 2A

Under Alternative 2A, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Alternative 2A in-
volves different water handling of the produced water in certain sub-watersheds,
emphasizing discharge of CBM water to infiltration impoundments. Approxi-
mately 25 percent of the proposed wells would discharge produced water on the
surface and 51 percent would discharge produced water to infiltration reservaoirs.
Thus, the volume of water discharged to surface drainages would be less than
under Alternative 1 and is shown in Table 4-1. Projected CBM runoff compared
with average annua runoff is shown in Table 4-2. Ten of eighteen sub-
watersheds would receive produced water under this alternative.

Direct/Indirect Effects

Water quality effects would be similar to those described for Alternative 1, but
proportionately lower due to the reduction in the volume of produced water being
discharged to surface drainages.
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Timing and Quantity of Stream Flows

CBM supplemented flows would increase dlightly from baseline conditions under
Alternative 2A, and the projected annual outflow of CBM produced water at the
sub-watershed boundaries would be much less than under Alternative 1, as
shown in Table 4-1.

Comparing projected outflow numbers at sub-watershed boundaries (Table 4-1)
to annua minimum flows (Table 3-5), the Upper Tongue River, Upper Powder
River, Salt Creek, Crazy Woman Creek, Clear Creek, and Middle Powder River
would not see noticeable increases in stream flows during low flow periods. The
other four sub-watersheds may see noticeable increases in stream flows during
low flow periods. These are the Little Powder River, Antelope Creek, Upper
Cheyenne River, and Upper Belle Fourche River. Aquatic species in these sub-
watersheds may be impacted, as discussed above under Alternative 1; however,
the degree to which they may be impacted would be substantially less under Al-
ternative 2A than under Alternative 1.

Increases and Decreases in Sedimentation

Due to less CBM produced water being discharged to surface drainages under
Alternative 2A, the degree to which sedimentation would occur in rivers and
streams would be significantly less than under Alternative 1, although the types
of potential impacts would be similar.

The Upper Tongue River, Upper Powder River, Salt Creek, Crazy Woman
Creek, Clear Creek, Middle Powder River, and Upper Cheyenne River would not
see noticeable increases in stream flows during low flow periods or increased
sedimentation, and impacts to aquatic species would be minimal or non-existent.
The other three sub-watersheds may see noticeable increases in stream flows dur-
ing low flow periods that may noticeably increase sediment loads in these water-
sheds. These are the Little Powder River, Antelope Creek, and Upper Belle
Fourche River. Aquatic species in these sub-watersheds may be impacted, as dis-
cussed above, by an increase in sedimentation, but impacts would likely be no-
ticeably lessthan under Alternative 1.

Increases and Decreases in Salt Concentrations

Changes in salt concentrations in surface waters receiving CBM produced water
would aso be less under Alternative 2A than under Alternative 1, although the
types of potential impacts would be similar. Salinities may change as described
under Alternative 1, but these would occur to a lesser degree under Alternative
2A. Related impacts to fish and macroinvertebrates would therefore be less under
Alternative 2A.

Increases in Metals

Changes in metal concentrations in surface waters receiving CBM produced wa-
ter would also be less under Alternative 2A than under Alternative 1, although
the types of potential impacts would be similar. Metal concentrations may change
as described under Alternative 1, but these would occur to a lesser degree under
Alternative 2A. Related impacts to fish and macroinvertebrates would therefore
be less under Alternative 2A.
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Fuel and Drilling Fluid Spills

Potential fuel and drilling fluid spills would likely result in less of an impact to
fish and macroinvertebrates under Alternative 2A than under Alternative 1 be-
cause there would be less CBM produced water available to convey pollutants to
surface drainages.

Increases or Decreases in Species Diversity
Potential changes in species diversity would be similar to Alternative 1 under
Alternative 2A, although they would occur at alesser degree.

Alternative 2B

Under Alternative 2B, the same number of CBM wells and the same volume of
water production would be projected as under Alternative 1. Alternative 2B in-
volves different water handling of the produced water in certain sub-watersheds,
emphasizing surface discharge of CBM water and discharge to infiltration im-
poundments. Approximately 40 percent of the proposed wells would discharge
produced water on the surface and 37 percent would discharge produced water to
infiltration reservoirs. Thus, the volume of water discharged to surface drainages
would be less than under Alternative 1 but more than under Alternative 2B, and
is shown in Table 4-1. Projected CBM runoff compared with average annua
runoff is shown in Table 4-2. Ten of eighteen sub-watersheds would receive pro-
duced water.

Direct/Indirect Effects

Water quality effects would be similar to those described for Alternative 1, but
proportionately lower due to the reduction in the volume of produced water being
discharged to surface drainages.

Timing and Quantity of Stream Flows

Flows supplemented by CBM produced water would increase dightly from base-
line conditions under Alternative 2B, and the projected annual outflow of CBM
produced water at the sub-watershed boundaries would be less than under Alter-
native 1, with one exception (Table 4-1). Flow in the Upper Belle Fourche would
increase above the predicted flow under Alternative 1 by approximately 32 per-
cent.

Comparing projected outflow numbers at sub-watershed boundaries (Table 4-1)
to annua minimum flows (Table 3-5), the Upper Tongue River, Upper Powder
River, Sat Creek, Crazy Woman Creek, and Middle Powder River would not see
noticeable increases in stream flows during low flow periods. The other five sub-
watersheds may see noticeable increases in stream flows during low flow peri-
ods. These are Clear Creek, the Little Powder River, Antelope Creek, Upper
Cheyenne River, and Upper Belle Fourche River. Aquatic species in these sub-
watersheds may be impacted, as discussed above under Alternative 1; however,
the degree to which they may be impacted would be substantially less under Al-
ternative 2B than under Alternative 1, except in the Upper Belle Fourche River
where impacts may be greater than predicted under Alternative 1.
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Increases and Decreases in Sedimentation

Due to less CBM produced water being discharged to surface drainages under
Alternative 2B, the degree to which sedimentation would occur in rivers and
streams would be substantially less than under Alternative 1, although the types
of potentia impacts would be similar.

The Upper Tongue River, Upper Powder River, Salt Creek, Crazy Woman
Creek, Clear Creek, Middle Powder River would not see noticeable increases in
stream flows during low flow periods or increased sedimentation, and impacts to
aquatic species would be minimal or non-existent. The other four sub-watersheds
may see noticeable increases in stream flows during low flow periods that may
noticeably increase sediment loads in these watersheds. These are the Little Pow-
der River, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche
River. Aquatic species in these sub-watersheds may be impacted, as discussed
above, by an increase in sedimentation, but impacts would likely be noticeably
less than under Alternative 1.

Increases and Decreases in Salt Concentrations

Changes in salt concentrations in surface waters receiving CBM produced water
would also be less under Alternative 2B than under Alternative 1, although the
types of potential impacts would be similar. Salinities may change as described
under Alternative 1, but these would occur to a lesser degree under Alternative
2B. Related impacts to fish and macroinvertebrates would therefore be less under
Alternative 2B than under Alternative 1.

Increases in Metals

Changes in metal concentrations in surface waters receiving CBM produced wa-
ter would also be less under Alternative 2B than under Alternative 1, athough
the types of potential impacts would be similar. Metal concentrations may change
as described under Alternative 1, but these would occur to a lesser degree under
Alternative 2B, with the exception of the Upper Belle Fourche River, where af-
fects would be more substantial. Related impacts to fish and macroinvertebrates
would therefore be less under Alternative 2B.

Fuel and Drilling Fluid Spills

Potential fuel and drilling fluid spills would likely result in less of an impact to
fish and macroinvertebrates under Alternative 2B than under Alternative 1 be-
cause there would be less CBM produced water available to convey pollutants to
surface drainages, with the exception of the Upper Belle Fourche River.

Increases or Decreases in Species Diversity
Potential changes in species diversity would be similar to Alternative 1 under
Alternative 2B, although they would occur at alesser degree.

Alternative 3

Under Alternative 3, no new Federa CBM wells would be completed. Water
handling options would be the same as under Alternative 1. Water production
would decline under Alternative 3. Thus, the volume of water discharged to sur-
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face drainages would be less than under Alternatives 1, 2A, and 2B as shown in
Table 4-1. Projected CBM runoff compared with average annual runoff is shown
in Table 4-2. Ten of eighteen sub-watersheds would receive produced water.

Direct/Indirect Effects

Water quality effects would be similar to those described for Alternative 1, but
proportionately lower due to the reduction in the volume of produced water being
discharged to surface drainages. Water quality changes due to CBM enhanced
flows would be negligible (surface water section in Chapter 4).

Timing and Quantity of Stream Flows

Flows supplemented by CBM produced water would increase dightly from base-
line conditions under Alternative 3, and the projected annual outflow of CBM
produced water at the sub-watershed boundaries would be less than under
Alternative 1 (Table 4-1).

Comparing projected outflow numbers at sub-watershed boundaries (Table 4-1)
to annua minimum flows (Table 3-5), the Upper Tongue River, Upper Powder
River, Salt Creek, and Middle Powder River would not see noticeable increases
in stream flows during low flow periods. The other six sub-watersheds may see
noticeable increases in stream flows during low flow periods. These are Crazy
Woman Creek, Clear Creek, Little Powder River, Antelope Creek, Upper Chey-
enne River, and Upper Belle Fourche River. Aquatic species in these sub-
watersheds may be impacted, as discussed above under Alternative 1; however,
the degree to which they may be impacted would be substantially less under Al-
ternative 3 than under Alternative 1.

Increases and Decreases in Sedimentation

Due to less CBM produced water being discharged to surface drainages under
Alternative 3, the degree to which sedimentation occurs in rivers and streams
would be substantially less than under Alternative 1, although the types of poten-
tial impacts would be similar.

The Upper Tongue River, Upper Powder River, Salt Creek, and Middle Powder
River would not see naticeable increases in stream flows during low flow periods
or increased sedimentation, and impacts to aguatic species would be minimal or
non-existent. The other six sub-watersheds may see noticeable increases in
stream flows during low flow periods that may noticeably increase sediment
loads in these watersheds. These are the Crazy Woman Creek, Clear Creek, Little
Powder River, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche
River. Aquatic species in these sub-watersheds may be impacted, as discussed
above, by an increase in sedimentation, but impacts would be noticeably less than
under Alternative 1.

Increases and Decreases in Salt Concentrations

Changes in salt concentrations in surface waters receiving CBM produced water
would aso be less under Alternative 3 than under Alternative 1, although the
types of potential impacts would be similar. Salinities may change as described
under Alternative 1, but these would occur to alesser degree under Alternative 3.
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Related impacts to fish and macroinvertebrates would therefore be less under
Alternative 3 than under Alternative 1.

Increases in Metals

Changes in metal concentrations in surface waters receiving CBM produced wa-
ter would also be less under Alternative 3 than under Alternative 1, although the
types of potential impacts would be similar. Metal concentrations may change as
described under Alternative 1, but these would occur to a lesser degree under
Alternative 3. Related impacts to fish and macroinvertebrates would therefore be
lessunder Alternative 3.

Fuel and Drilling Fluid Spills

Potential fuel and drilling fluid spills would likely result in less of an impact to
fish and macroinvertebrates under Alternative 3 than under Alternative 1 because
there would be less CBM produced water available to convey pollutants to sur-
face drainages.

Increases or Decreases in Species Diversity
Potential changes in species diversity would be similar to Alternative 1 under
Alternative 3, athough they would occur at alesser degree.

Cumulative Effects

Implementation of each of the alternatives would contribute to cumulative effects
on aguatic species in the Project Area. The proposed alternatives, combined with
the potential for future CBM projects not addressed in this document, may lead to
potential cumulative effects including fluctuations in stream flow, fluctuationsin
sedimentation, increases in salt concentrations, changes in water quality, in-
creases in contaminants in waterways, changes in habitats, and changes in spe-
cies diversity. Each aternative would contribute to cumulative effects in varying
degrees, as discussed in the aguatic effects section.

Current major land uses in the Project Area include livestock grazing, agricul-
ture, mining, CBM gas development, and conventional oil and gas devel opment.
The proposed Project would contribute to ongoing effects to aquatic life from all
of these land uses.

In addition to an increase in flow in sub-watersheds that receive CBM produced
waters, coal mines in the Project Area discharge water from pits into surface
drainages. Coa mine records for activities within the Project Area indicate that
water is generdly discharged from pits only after storm events, at which time
water quality in receiving waters is similar to discharge water. This would not
affect sedimentation or water quality to a large degree, but would add to already
increased instream flows during high runoff periods. Watersheds within the Pro-
ject Area that have existing coal mines include Upper Cheyenne River, Upper
Belle Fourche River, and Little Powder River. These cumulative impacts would
affect aquatic species in the same ways as discussed above. After CBM devel-
opment is completed, flows would return to the current flow regime.
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The proposed Project would lead to an overall increase in sediment load in drain-
ages within the Project Area and would contribute to increased sedimentation
caused by the existing land uses in the area. Increased CBM produced flow and
sedimentation related to the construction of new roads would be the primary con-
tributor to increased sediment load in the drainage systems. Much of the sedi-
ment produced by the Project would be collected in ponds and reservoirs
throughout the Project Area, and would likely be flushed through the drainage
systems for years after the discharge of CBM water. Increased sediment load
may also change or eliminate existing fish and macroinvertebrate habitats over
the long term; these changes in habitat may favor exotic species over native spe-
cies.

In addition to salts being added directly to surface drainages, CBM produced wa-
ters that do not reach drainages (e.g., containment, LAD, and injection) will
evaporate and deposit salts in soils throughout the sub-watersheds. This accumu-
lation of salts in the soils will continue as long as CBM produced water is dis-
charged, and may be released into surface drainages and groundwater for years
after the discharge of water ceases, further increasing salinity in surface drain-
ages and potentially affecting fish and macroinvertebrates. Agriculture and live-
stock grazing are currently the primary sources of salt introduction, and CBM
produced waters would contribute additional salts.

Water quality would continue to change throughout the Project Area both during
and after the life of the Project, and would continue to affect aquatic lifein drain-
ages already affected by existing land uses. Long-term water quality effects that
would likely continue after CBM wells cease water discharge include increased
concentrations of selenium, bicarbonate and other salts, and sediment load; these
could all potentially affect aquatic life.

All of the cumulative effects may influence current fish and macroinvertebrate
species diversities. Long-term cumulative effects may alter water quality and fish
habitats to the extent that exotic species can utilize these streams and rivers more
effectively than native species, resulting in more exotic species and less native
Species.

Alternative 1

Under Alternative 1, cumulative effects would be highest in the Powder River
Basin, including the Upper Powder River, Salt Creek, Crazy Woman Creek, and
Clear Creek, followed by the Upper Tongue River, Upper Belle Fourche River,
Upper Cheyenne River including Antelope Creek, Little Powder River, and Mid-
dle Powder River, respectively. This conclusion is based on the increase in sur-
face water flows due to CBM produced water discharge and effects associated
with these discharges that would contribute to cumulative effects. Alternative 1
would have the most cumulative impacts of the four alternatives.
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The development of new roads would also contribute to cumulative effects in
watersheds that will not receive discharged CBM water.

Alternative 2A

Under Alternative 2A, cumulative effects would be highest in the Powder River
Basin, including the Upper Powder River, Crazy Woman Creek, and Clear
Creek, followed by the Upper Belle Fourche River, Upper Tongue River, Upper
Cheyenne River including Antelope Creek, Little Powder River, and Middle
Powder River, respectively. This conclusion is based on the increase in surface
water flows due to CBM produced water discharge and effects associated with
these discharges that would contribute to cumulative effects. Alternative 2A
would have more cumulative impacts than Alternative 3, but less than Alterna-
tives 1 and 2B.

The development of new roads would also contribute to cumulative effects in
watersheds that will not receive discharged CBM water.

Alternative 2B

Under Alternative 2B, cumulative effects would be highest in the Powder River
Basin, including the Upper Powder River, Crazy Woman Creek, and Clear
Creek, followed by the Upper Belle Fourche River, Upper Tongue River, Upper
Cheyenne River including Antelope Creek, Little Powder River, and Middle
Powder River, respectively. This conclusion is based on the increase in surface
water flows due to CBM produced water discharge and effects associated with
these discharges that would contribute to cumulative effects. Alternative 2B
would have more cumulative impacts than Alternatives 2A and 3, but less than
Alternative 1.

The development of new roads would also contribute to cumulative effects in
watersheds that will not receive discharged CBM water.

Alternative 3

Under Alternative 3, cumulative effects would be highest in the Powder River
Basin, including the Upper Powder River, Crazy Woman Creek, and Clear
Creek, followed by the Upper Belle Fourche River, Upper Tongue River, Little
Powder River, Upper Cheyenne River including Antelope Creek, and Middle
Powder River, respectively. This conclusion is based on the increase in surface
water flows due to CBM produced water discharge and effects associated with
these discharges that would contribute to cumulative effects. Alternative 3 would
have the least amount of cumulative effects of all the aternatives.

The development of new roads would also contribute to cumulative effects in
watersheds that will not receive discharged CBM water.
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Threatened, Endangered, and Sensitive Species

Potential effects to specia status species would be similar to those described for
vegetation and wildlife species. The nature and extent of effects to a particular
species would depend on that species’ life history and habitats utilized. Direct
effects to specid status plant species would occur from the disturbance or re-
moval of individuals or populations resulting from the construction of well pads,
compressor stations, ancillary facilities, associated pipelines, water-handling fa-
cilities, and roads. Indirect effects to special status plant species would include:
1) an increase in the potentia for spread of noxious weeds that displaces native
plant populations, due to increased disturbance in the Project Area; and 2) altera-
tion of suitable habitat distribution, due to changes in volume and rate of surface
water flows, particularly changesin stream flow from intermittent to perennial.

Effects to specia status wildlife species would include: 1) disturbance effects on
individuals and populations by human activity; 2) the loss or reduction in effec-
tiveness of habitats occupied by these species; 3) habitat fragmentation, particu-
larly through construction of roads, well pads, and fences; 4) introduction of new
perches for raptors and thus potential increase in local predation rates on some
species; 5) increases in harassment; and 6) project-induced increase in mortality
(e.g., poaching, trapping, poisoning, roadkills, raptor collision, raptor electrocu-
tion). The magnitude of effects to special status species would depend on a num-
ber of factors, including recommended and required mitigation measures.

Direct disturbance of specia status species habitats would occur in each sub-
watershed and under each aternative. In an effort to return habitats to full use,
unused portions of well sites would be reclaimed during the production phase.
Following the end of the production phase, well field and ancillary facilities
would be removed and disturbed areas reclaimed. Seed mixes approved by the
appropriate agency, many of which are intended to be beneficial to wildlife spe-
cies, would be used to revegetate abandoned well pads and areas occupied by
ancillary facilities. The amount of time these lands are unsuitable as habitats is
variable and may depend on one or more of the following: productive well life-
span, mitigation success, reclamation techniques, and local weather conditions.
Reclamation of habitats dominated by grasses and forbs is expected to be suc-
cessful within several years; habitats dominated by shrubs and trees may take
eight to twenty years or more to successfully re-establish. Consequently, the dis-
turbance of forest and shrub habitats would represent a long-term loss to those
species that depend on such vegetation for forage or shelter beyond the end of the
production phase.

Indirect effects, including displacement, would occur in varying degrees during
construction, production, and reclamation phases of the Project. In response to
the increased levels of human activity, equipment operation, vehicular traffic,
and noise associated with all phases of the Project, species would avoid areas of
these activities and utilize other locations. This avoidance would result in the un-
der-utilization of otherwise suitable habitats; therefore the value of these habitats
would be diminished. Additionally, distribution patterns would be altered and
resource competition would be increased in unaffected habitats. The degree of
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habitat avoidance would vary among species and among individuals of any par-
ticular species.

Mitigation measures expected to eliminate or minimize potential effects to
threatened and endangered wildlife and plant species are provided at the end of
this chapter. Additionally, the Biological Assessment for species listed or pro-
posed for listing by the USFWS isincluded as Appendix H.

Plant Species

U. S. Fish and Wildlife Service

Ute Ladies’-tresses Orchid

Direct and Indirect Effects

The potential for direct effects to this species would be minimal. There are no
exiging oil and gas wells in the upper portion of the Antelope Creek sub-
watershed near the known population occurrence of this species. None of the
wells that are proposed as a part of this Project would be constructed near that
location. There is the potential for other populations of this species to occur in
the Project Area. Prior to construction, surveys of suitable habitats (i.e., wetlands
and riparian areas) would be required. In addition, efforts would be made to
avoid habitats suitable for this species. Because of the ability of this species to
persist below-ground or above-ground without flowering, single season surveys
that meet the current USFWS survey guidelines may not detect populations. As a
result, part or all of undetected populations could be lost to surface-disturbing
activities.

Indirect effects to currently undocumented populations of this species would oc-
cur as a result of hydrological alterations associated with the Project. The dis-
charge of produced water would potentially alter the distribution and extent of
riparian and wetland areas, with the net effect being an increase in the extent of
these areas. This may provide additional suitable habitat for the Ute ladies -
tresses orchid in areas that are not currently suitable, while at the same time ren-
dering unsuitable some habitat that is currently suitable. Groundwater depletion
associated with CBM well de-watering could result in lowered water tables and
loss of riparian and wetland vegetation in isolated area where the coal seams are
near shalow aluviums. In some conditions, groundwater levels may be supple-
mented and not depleted following applied water handling methods. Increased
groundwater levels may augment existing orchid habitats or create new suitable
habitats. Effects along any particular drainage would depend on the amount, tim-
ing, and location of water discharge, stream geomorphology, precipitation, and
other factors. Habitats and populations of this species may be affected by in-
creased erosion or sediment deposition. Some streams would be greatly affected
by discharge, while others would be affected only minimally or not at all.

Both direct and indirect disturbances to populations and habitats of the Ute la-

dies -tresses orchid have the potential to increase the distribution and extent of
noxious weeds, such as Canada thistle, that occur in similar habitats as this spe-
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cies. Dense populations of noxious weeds reduce the amount of habitat available
to the orchid and could result in the exclusion of the orchid from infested areas.

Alternative Comparisons

Alternatives 1, 2A, and 2B each propose similar numbers of CBM and non-CBM
wells. Therefore, potential effects to the Ute ladies -tresses orchid as a result of
well pad construction under these aternatives would be smilar. However, distur-
bances resulting from water handling methods are not equal between these alter-
natives. Alternative 1 would affect 32,685 acres, Alternative 2A would affect
51,579 acres, and Alternative 2B would affect 43,533 acres. Alternative 3 differs
from the above alternatives in both number of wells and water handling methods.
Alternative 3 would result in the addition of 15,458 CBM wells and 1,409 Non-
CBM wells, potentially affecting the Ute ladies -tresses orchid to a lesser degree
than Alternatives 1, 2A, and 2B. Water handling methods under Alternative 3
would result in the disturbance of 14,384 acres that could potentially affect the
Ute ladies' -tresses orchid, which is also |ess than the other three alternatives.

Wildlife Species
U. S. Fish and Wildlife Service

Black-tailed Prairie Dog

Direct and Indirect Effects

The Project would have both direct and indirect effects on individuals and popu-
lations of the black-tailed prairie dog. Individuals and colonies would be im-
pacted by construction of well pads, roads, pipelines, and other facilities. In-
creased availability of perches for raptor species would increase predation on
prairie dogs. Fragmentation would reduce habitat availability in colonies, reduc-
ing habitat quality and reproductive potential in areas that are close to, or at, car-
rying capacity. Increased vehicle traffic would increase the potentia for vehicle
collisions, reducing population levels in colonies adjacent to existing and new
roads. Shifts in vegetation types as a result of produced water discharges would
reduce the amount of habitats available for burrows because prairie dogs do not
dig burrowsin wet or saturated soils. Expanded wetland and riparian areas within
colonies would increase fragmentation and decrease habitat effectiveness.

Alternative Comparisons

Alternatives 1, 2A, and 2B each propose similar numbers of CBM and non-CBM
wells. Therefore, potential effects to the black-tailed prairie dog as a result of
well pad construction under these aternatives would be similar. However, distur-
bances resulting from water handling methods are not equal between these alter-
natives. Alternative 1 would affect 32,685 acres, Alternative 2A would affect
51,579 acres, and Alternative 2B would affect 43,533 acres. Alternative 3 differs
from the above alternatives in both number of wells and water handling methods.
Alternative 3 would result in the addition of fewer CBM non-CBM wells, thus
potentially affecting the black-tailed prairie dog to a lesser degree than Alterna-
tives 1, 2A, and 2B. Water handling methods under Alternative 3 would result in
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the disturbance of 13,870 acres that could potentially affect the black-tailed prai-
rie dog, which is also less than the other three alternatives.

Preble’s Meadow Jumping Mouse

Direct and Indirect Effects

This species would not be affected by the Project because it does not occur in
parts of the Project Area that would be impacted by development. Discharge of
produced water to the North Platte River is expected to be minimal and would
not affect the overall hydrologic regime of thislarge river system.

Alternative Comparisons
None of the alternatives would affect the Preble’ s meadow jumping mouse.

Black-footed Ferret

Direct and Indirect Effects

The potential for effects to the black-footed ferret are expected to be minimal.
There are no known populations of this species in the Project Area. Mogt of the
larger prairie dog colonies thought to be capable of supporting ferret populations
have been surveyed to rule out presence of the ferret. Any colonies that meet the
USFWS guidelines for potential black-footed ferret habitat that have not been
previoudy surveyed would be surveyed for ferrets. No activities would occur in
any colonies found to contain ferrets.

Alternative Comparisons

Alternatives 1, 2A, and 2B each propose similar numbers of CBM and non-CBM
wells. Therefore, potential effects to suitable black-footed ferret habitat as a re-
sult of well pad construction under these aternatives would be similar. However,
disturbances resulting from water handling methods are not equal between these
dternatives. Alternative 1 would affect 32,685 acres, Alternative 2A would affect
51,579 acres, and Alternative 2B would affect 43,533 acres. Alternative 3 differs
from the above alternatives in both number of wells and water handling methods.
Alternative 3 would result in the addition of fewer CBM and non-CBM wells,
potentially affecting suitable black-footed ferret habitat to a lesser degree than
Alternatives 1, 2A, and 2B. Water handling methods under Alternative 3 would
result in the disturbance of 14,384 acres that could potentially affect suitable
black-footed ferret habitat, which is also less than the other three alternatives.

Bald Eagle

Direct and Indirect Effects

Bald eagles may be impacted in severa ways. Changes in the availability of wa-
ter and forage due to the Project activities may result in increased or new wildlife
populations, such as big game, smal mammals, upland birds, waterfowl, and
passerines. An increase in wildlife populations within the Project Area, combined
with the increase in volume and frequency of vehicular traffic, may result in an
increase of vehicular collisions and roadside carcasses. Because bald eagles often
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forage on carcasses, a potential increase in carcasses may result in an increase of
bald eagle foraging along roads within the Project Area. As the number of poten-
tial carcasses increases and the number of foraging eagles increases, so does the
potential for vehicular collisions with bald eagles foraging on roadside carcasses.

New and additional levels of human disturbance in an area relatively void of hu-
man disturbance may have a negative effect to nesting and wintering bald eagles
in the Project Area. Due to the current relative lack of human activity, bald eagles
may exhibit sensitivities to activities of short duration and extent that would not
otherwise affect bald eagles of other landscapes that are more accustomed to dis-
turbance.

Alternative Comparisons

Alternatives 1, 2A, and 2B each propose similar number of CBM and non-CBM
wells. Therefore, potential effects to the bald eagle as a result of well pad con-
struction under these alternatives would be smilar. However, disturbances result-
ing from water handling methods are not equal between these alternatives. Alter-
native 1 would affect 32,685 acres, Alternative 2A would affect 51,579 acres,
and Alternative 2B would affect 43,533 acres. Alternative 3 differs from the
above alternatives in both number of wells and water handling methods. Alterna-
tive 3 would result in the addition of fewer CBM and non-CBM wells, potentially
affecting the bald eagle to a lesser degree than Alternatives 1, 2A, and 2B. Water
handling methods under Alternative 3 would result in the disturbance of 14,384
acres that could potentially affect the bald eagle, which is aso less than the other
three aternatives.

Mountain Plover

Direct and Indirect Effects

The Project has the potential to have substantial adverse direct and indirect ef-
fects to the mountain plover. Direct loss of individuals and nests may occur as a
result of vehicle collision and equipment operation in nesting areas. Chicks and
eggs in nests may also be lost if disturbance or harassment occurs frequently,
preventing adults from tending to chicks or nests and allowing excessive heating,
chilling, or predation to occur. Frequent disturbance may lead to nest abandon-
ment. Re-nesting may occur at another, less disturbed location, but a net loss in
reproductive potential would have occurred with loss of the initial nest. Mountain
plovers aso show a high rate of nest site fidelity, often using the same general
area year after year. Modifications that make these sites less suitable for nesting
would result in decreased reproductive success. New nests may be placed in less
suitable habitat, again resulting in potentially lower reproductive success.

Preferred nesting habitats, such as bare soil, may be created by construction and
production activities. While providing habitat, these areas are also likely to result
in nests being abandoned or destroyed when activities continue during the nest-
ing season. The potential for this type of impact to occur would be greatest dur-
ing the production phase, when limited intermittent activity would occur at well
pads and along some access roads. Mountain plovers may arrive and begin nest-
ing on bare ground in these areas, only to be disturbed or have nests destroyed
the next time the road is used or well pad visited. Thisimpact is most likely when
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activities occur a an interval of one week or more. During the construction
phase, continuous activity is likely to prevent nest establishment in proximity to
activities.

Indirect effects to mountain plovers would be caused by increased predator popu-
lations, especially of species that sometimes increase in areas impacted by hu-
mans, such as corvids (crows, ravens), raptors, coyotes, badgers, weasels, and
foxes. New fences, transmission lines, and buildings would provide new perch
and nest sites for avian predators, while buildings and other facilities would pro-
vide new denning sites for mammalian predators. Increased roadkills along new
and existing roads would provide a food source that would allow increased
predator populations that could also prey on mountain plovers.

Alternative Comparisons

Alternatives 1, 2A, and 2B each propose similar numbers of CBM and non-CBM
wells. Therefore, potentia effects to the mountain plover as a result of well pad
construction under these dternatives would be similar. However, disturbances
resulting from water handling methods are not equal between these alternatives.
Alternative 1 would affect 32,685 acres, Alternative 2A would affect 51,579
acres, and Alternative 2B would affect 43,533 acres. Alternative 3 differs from
the above alternatives in both number of wells and water handling methods. Al-
ternative 3 would result in the addition of fewer CBM and non-CBM wells, po-
tentially affecting the mountain plover to alesser degree than Alternatives 1, 2A,
and 2B. Water handling methods under Alternative 3 would result in the distur-
bance of 14,384 acres that could potentially affect the mountain plover, which is
also less than the other three alternatives.

Boreal Western Toad

Direct and Indirect Effects

This species would not be affected by the Project because it is not known to oc-
cur, nor isit expected to occur, in the Project Area. Historically occupied habitats
are all outside of the Project Area a substantia distance to the south and much
higher in elevation. Potential indirect effects to this non-migratory species are not
expected. Hydrological aterations would not occur do to the lack of hydrologic
interconnection between the Project Area and suitable habitats for this species.

Alternative Comparisons
None of the alternatives would affect the boreal western toad.

Wyoming BLM and Forest Service

Many of the BLM and Forest Service Sensitive species that occur in the Project
Area may be affected by the proposed Project. The extent of effects to any par-
ticular species are dependent on its life history, habitat preferences, adaptability
to disturbance, and population levels in the portion of the Project Areathat would
be affected by the proposed Project. Because population levels of many sensitive
species in the Project Area are unknown, and because the relationship between
occupied areas and proposed Project activities are unknown, only the genera
types and levels of impacts can be determined. Table 4-94 lists the potential im-
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pacts of the proposed Project on each species and gives an estimate of the effect
of these impacts on populations. Any identified mitigation measures for sensitive
species are also listed in Table 4-94.

Cumulative Effects

Implementation of each of the alternatives would contribute to cumulative effects
to both TES plant and wildlife species in the Project Area. One factor in the cu-
mulative short- and long-term disturbance to TES plant and wildlife species
would result from the direct effects of oil and gas (conventional and CBM) de-
velopment. Additional oil and gas development (conventional and CBM), not
included as part of this assessment, may also occur at a later date beyond the
level of development considered in this analysis. Other activities contributing to
cumulative effects to TES plant and wildlife in the Project Area include: coal
mining; uranium mining; sand, gravel, and scoria mining; ranching; agriculture;
road and railroad construction; and rural and urban housing devel opment.

On-going coa mining activities disturb surface lands at a rate of approximately
2,000 acres per year, with 1,850 acres successfully reclaimed on an annual basis.
At present, approximately 54,000 acres have been disturbed by coal mining,
while 20,200 acres have been successfully reclaimed. An unknown portion of
disturbed coal mining area is currently under-going reclamation, but has not yet
met success standards. A similar level of both new disturbance and reclamation
success is expected in the near future. It is not known at this time which TES
plant and wildlife species may be affected by this devel opment.

Uranium mining has resulted in the disturbance of approximately 4,400 acres,
while sand, gravel, and scoria mining has resulted in the disturbance of approxi-
mately 1,200 acres. Agriculture has resulted in impacts to approximately 113,643
acres of lands formally occupied by native vegetation that may be suitable to
TES plants and wildlife. Urban development has resulted in the loss of approxi-
mately 4,362 acres of native vegetation that may be suitable TES plant and wild-
life habitat. A minor amount of new rural and urban development is expected in
the foreseeable future but no estimate of the amount or types of vegetation dis-
turbance has been made. Cumulative impacts to vegetation from roads, railroads,
and rural development have not been estimated.
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Table494  Wyoming BLM and Forest Service Sensitive Species Effects Evaluation

Species Name Potential Effects Alternativel  Alternative2A  Alternative 2B Alternative 3
Plants
Laramie Columbine Not known to occur in project area. No effect No effect No effect No effect
Porter’s Sagebrush No activities would occur in occupied portion of project area. No effect No effect No effect No effect
Nelson’s Milkvetch Individual plants may be destroyed during development and production ~ May affect’  May affect! May affect* May affect*
activities. Entire occurrences are unlikely to be destroyed.
Many-stemmed Spider-flower Not known to occur in project area. No effect No effect No effect No effect
Wouldiams Wafer-parsnip No activities would occur in occupied portion of project area. No effect No effect No effect No effect
Cary Beardtongue Not known to occur in project area. No effect No effect No effect No effect
Laramie False-sagebrush Not known to occur in project area. No effect No effect No effect No effect
Soft Aster Not known to occur in project area. No effect No effect No effect No effect
Northern Arnica Not known to occur in project area. No effect No effect No effect No effect
Hall's Fescue Not known to occur in project area. No effect No effect No effect No effect
Northern Blackberry Not known to occur in project area. No effect No effect No effect No effect
Hapeman's Sullivantia Not known to occur in project area. No effect No effect No effect No effect
Mammals
Dwarf Shrew Not known to occur in project area. No effect No effect No effect No effect
Long-eared Myotis Habitat may be altered. Roost sites may be disturbed. Foraging individuals May affect’  May affect May affect* May affect*
may be disturbed by development or production activities.
Fringed Myotis Habitat may be altered. Roost sites may be disturbed. Foraging individuals May affect’  May affect May affect* May affect*
may be disturbed by development or production activities.
Townsend' s Big-eared Bat Habitat may be altered. Roost sites may be disturbed. Foraging individuals May affectt ~ May affect? May affect! May affect!
may be disturbed by development or production activities.
Spotted Bat Not known to occur in project area. No effect No effect No effect No effect
White-tailed Prairie Dog Habitats may be altered or lost. Colonies may be fragmented. Individuals ~ May affect?  May affect? May affect? May affect?

may be destroyed by construction and production related activities. Raptor
predation may increase

Water Vole Not known to occur in project area. No effect No effect No effect No effect
Wolverine Not known to occur in project area. No effect No effect No effect No effect
Swift Fox Habitats may be altered, lost, or fragmented. Denning sites may be de- May affect?  May affect? May affect? May affect?

stroyed. Individuals may be destroyed by construction and production
related activities.

American Marten Not known to occur in project area. No effect No effect No effect No effect

Least Weasdl Habitats may be altered, lost, or fragmented. Denning sites may be de- May affect?  May affect? May affect? May affect?
stroyed. Individuals may be destroyed by construction and production
related activities.

Birds

American Peregrine Falcon Habitats may be altered. Nest sites may be disturbed. Foraging individuals May affectt ~ May affect? May affect! May affect!
L e e e
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Table494  Wyoming BLM and Forest Service Sensitive Species Effects Evaluation

Species Name Potential Effects Alternativel  Alternative2A  Alternative 2B Alternative 3

American Bittern

White-faced Ibis

Trumpeter Swan

Northern Goshawk

Merlin

Upland Sandpiper

Long-hilled Curlew

Yellow-billed Cuckoo

Burrowing Owl

Lewis Woodpecker

Three-toed Woodpecker
Loggerhead Shrike

Golden-crowned Kinglet
Pygmy Nuthatch
Sage Thrasher

Sage Sparrow

may be disturbed by development or production activities.

Habitats may be altered by changes in hydrologic regime. Nest sites may
be disturbed. Individuals may be disturbed by development or production
activities.

Habitats may be altered by changes in hydrologic regime. Nest sites may
be disturbed. Individuals may be disturbed by development or production
activities.

Habitats may be altered by changes in hydrologic regime. Nest sites would
not be disturbed. Individuals may be disturbed by development or produc-
tion activities.

Habitats would not be affected, because no activities would occur in occu-

pied portion of project area.. Nest sites would not be disturbed. Individuals

that move into affected portion of project area may be disturbed by devel-
opment or production activities.

Habitats may be altered. Nest sites may be disturbed. Foraging individuals
may be disturbed by development or production activities.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

Habitats may be altered by changes in hydrologic regime. Nest sites may
be disturbed. Individuals may be disturbed by development or production
activities.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

No activities would occur in occupied portion of project area.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

No activities would occur in occupied portion of project area.

No activities would occur in occupied portion of project area.

Habitats may be altered, lost, or fragmented. Nest sites may be destroyed.
Individuals may be destroyed by construction and production related ac-
tivities.

Habitats mav be altered. lost. or fraamented. Nest sites may be destroved.
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May affect*

May affect*

May affect*

May affect*

May affect

May affect?

May affect?

May affect*

May affect?

May affect?

No effect
May affect?

No effect
No effect
May affect?

May affect?

May affect*

May affect*

May affect

May affect*

May affect

May affect?

May affect?

May affect

May affect?

May affect?

No effect
May affect?

No effect
No effect
May affect?

May affect?

May affect*

May affect*

May affect*

May affect*

May affect!

May affect?

May affect?

May affect!

May affect?

May affect?

No effect
May affect?

No effect
No effect
May affect?

May affect?

May affect*

May affect*

May affect*

May affect*

May affect!

May affect?

May affect?

May affect!

May affect?

May affect?

No effect
May affect?

No effect
No effect
May affect?

May affect?
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Table494  Wyoming BLM and Forest Service Sensitive Species Effects Evaluation
Species Name Potential Effects Alternativel  Alternative2A  Alternative 2B Alternative 3
Individuals may be destroyed by construction and production related ac-
tivities.
Baird’s Sparrow Habitats may be altered, lost, or fragmented. Nest sitesmay be destroyed.  May affect?  May affect? May affect? May affect?
Individuals may be destroyed by construction and production related ac-
tivities.
Brewer's Sparrow Habitats may be altered, lost, or fragmented. Nest sitesmay be destroyed.  May affect?  May affect? May affect? May affect?
Individuals may be destroyed by construction and production related ac-
tivities.
Grasshopper Sparrow Habitats may be altered, lost, or fragmented. Nest sitesmay be destroyed.  May affect?  May affect? May affect? May affect?
Individuals may be destroyed by construction and production related ac-
tivities.
Amphibians
Northern Leopard Frog Habitats may be altered by changes in hydrologic regime. Breeding sites  May affect?  May affect? May affect? May affect?
may be destroyed or created. Individuals may be destroyed by devel opment
or production activities.
Columbia Spotted Frog No activities would occur in occupied portion of project area. No effect No effect No effect No effect
Wood Frog Not known to occur in project area. No effect No effect No effect No effect
Reptiles
Milk Snake Habitats may be altered, lost, or fragmented. Individuals may be destroyed May affect?  May affect? May affect? May affect?
by construction and production related activities.
Fish
Sturgeon Chub Habitats may be altered by changesin hydrologic regime. Individualsand May affect?  May affect? May affect? May affect?
populations may be affected by changes in water quality and quantity.
Y ellowstone Cutthroat Trout No activities would occur in occupied portion of project area. No effect No effect No effect No effect

Notes:

1. Complete determination text reads as follows: “May adversely affect individuals, but not likely to result in aloss of viability on federal lands or range wide, nor result in a trend towards federal

listing.”

2. Complete determination text reads as follows: “May adversely affect individuals, may result in aloss of viability on federa lands or range wide, and may result in atrend towards federal listing.”
|
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The total acreage affected by CBM development would not be disturbed simulta-
neoudy, because Project development would occur over the life of the Project.
Some of the disturbed acreage would be reclaimed or would be in the process of
being reclaimed when new disturbances are initiated. CBM development is ex-
pected to occur at arate faster than abandonment and reclamation of wells. In the
near future, the amount of disturbed TES plant and wildlife habitats is likely to
increase, although the anticipated life of CBM wells (12-20 years) indicates that
reclamation would eventually overtake new well development, resulting in a net
decrease in disturbed vegetation for the long-term.

Cumulative effects would also occur to TES plant and wildlife resources as are-
sult of indirect impacts. One factor is the potential import and spread of noxious
weeds around Project roads and facilities. Noxious weeds have the ability to dis-
place native vegetation and hinder reclamation efforts. If weed mitigation and
preventative procedures are applied to al construction and reclamation practices,
the impact of noxious weeds on TES plants and wildlife would be minimized.

In areas reclaimed after CBM development, the reclaimed areas often differ sub-
stantially from undisturbed areas in terms of vegetation cover. Reclaimed areas
may hot serve ecosystem functions presently served by undisturbed vegetation
communities and habitats, particularly in the short-term, when species composi-
tion, shrub cover, and other environmental factors are likely to be different. Es-
tablishment of noxious weeds and alternation of vegetation along drainages and
reclaimed areas has the potential to ater TES plant and wildlife habitat composi-
tion and distribution. As aresult, shiftsin habitat composition or distribution may
affect TES plant and wildlife species within the Project Area.

Cultural Resources

The goal of the consideration of historic properties under Section 106 of the Na-
tional Historic Preservation Act of 1966 as amended (P.L. 89-665; P.L. 95515;
P.L. 102-575; 80 Stat. 915; 16 USC 470), its implementing regulations, including
but not limited to 36 CFR 8800, 36 CFR 8§61, and Executive Order 11593, the
National Environmental Policy Act of 1969 (P.L. 91-190; 83 Stat. 852; 42 U.S.C.
1500-17.7; 42 U.S.C. 4321-61) and its implementing regulations including 40
CFR 81500-1508, is the preservation of the cultural values embodied in those
historic properties. The BLM national cultural resource management objectives
to meet the requirements of the latter statutory authorities and additional related
authorities listed in BLM Manua M-8100.03 are:

A. Respond in alegally and professionally adequate manner to (1) the statutory
authorities concerning historic preservation and cultural resource protection,
and (2) the principles of multiple use.

B. Recognize the potential public and scientific uses of, and the values attrib-
uted to, cultural resources on the public lands, and manage the lands and cul-
tural resources so that these uses and values are not diminished, but rather are
maintained and enhanced.

C. Contribute to land use planning and the multiple use management of the pub-
lic lands in ways that make optimum use of the thousands of years of land
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use history inherent in cultural resource information, and that safeguard op-
portunities for attaining appropriate uses of cultural resources.

D. Protect and preserve in place representative examples of the full array of cul-
tural resources on public lands for the benefit of scientific and public use by
present and future generations.

E. Ensure that proposed land uses, initiated or authorized by BLM, avoid inad-
vertent damage to Federal and non-Federal cultural resources.

The operational objectives to achieve this goal are:

1. Identification of al historic properties within the area of potential effect of
proposed actions that are part of or associated with the federal undertaking;

2. Evauation of the cultural values of those historic properties within appropri-
ate historic contexts; and

3. Avoidance or minimization of adverse effects to those cultura values.

The cultural resources management objective of the BLM Buffalo Field Office,
including stewardship considerations in addition to Section 106 and NEPA com-
pliance is to “Protect, preserve, interpret, and manage significant cultura re-

sources for their informational, educational, scientific, and recreational values’
(BLM 2001:4).

These objectives are achieved through:

Inventory;

Evaluation;

Native American Consultation;
Management Options; and

o W NP

Monitoring

Cultural resource sites are defined as discrete locations of past human activity,
which can include artifacts, structures, works of art, landscape modifications, and
natural features or resources important to history or cultural tradition. These sites
can include extensive cultural landscapes (e.g., farm or ranch landscapes), linear
landscapes (e.g., historic trails with associated towns, forts, and way stations), or
railroad landscapes and traditional use areas. In this document, significant sites
are defined as those sites that are listed on, determined eligible for, or recom-
mended eligible for the National Register of Historic Places under the Criteriafor
Evaluation (36 CFR § 60.4), and sites that have not been evaluated.

Federal regulations require cultural resource inventory, recordation, and evalua-
tion of resources in the area of potential effect as part of the approval process. All
areas of proposed ground disturbing activity would be inventoried for cultural
resources. Any discovered resources would be documented and evaluated for
eigibility for the NRHP. With proper planning, effects to digible properties can
be avoided. Indirect effects from changes to soil stability or drainage patterns
cannot always be anticipated. Indirect effects can be minimized by soil stabiliza-
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tion, fencing, or protective barriers to prevent inadvertent traffic in sensitive ar-
eas. Direct effects when eligible sites cannot be avoided would be subject to
mitigation procedures. Adverse effects can be mitigated by implementation of
approved data recovery treatment plans. There are alarge number of unevaluated
sites. These sites can be avoided or additional studies can be implemented to
evaluate them. In addition, specific procedures would be established for the
treatment of unanticipated discoveries and human remains that were not identi-
fied by surface investigation.

Adverse effects to cultural resources can result from the construction and opera-
tion of well pads, access roads, pipelines, power lines, and compressor stations
and vehicular travel. Effects to sites can be direct as a result of construction or
other earth disturbing activities, or can be indirect as a function of such things as
increased erosion, easier access, vibration from traffic or machinery, or alteration
of the setting. Adverse affects to cultural properties may include, dteration of
visual, atmospheric, and auditory aspects of site setting, or site destruction by
placement of facilities and infrastructure. Indirect effects can be particularly im-
portant in the consideration of sites that are important for their location, setting,
and feeling, such as emigrant trails or locations of historic battles. Cultural sites
are a nonrenewable resource and, if disturbed, lose potential information, integ-
rity, and heritage value. Avoidance of eligible sites is the preferred mitigation.
Although careful project planning can help aleviate inadvertent or unintentional
effects to eligible sites, such effects can till occur. Data recovery plans can be
undertaken in cases where €eligible sites cannot be avoided or are unintentionally
affected.

Native American Consultation

Effects to traditional cultural properties, localities of traditional concern, and sa-
cred sites must be considered. Federa regulations require consultation with rec-
ognized Native American tribes. These include, but are not limited to:

National Historic Preservation Act of 1966, as amended (P.L. 89-665; P.L. 95-
515; P.L. 102-575; 80 Stat. 915; 16 U.S.C. 470-470t; 36 CFR "60; 36
CFR "65; 36 CFR "800; 36 CFR "801; 36 CFR "61; Executive Order
11593). This requires federal agencies to consult with Indian tribes re-
garding federal undertakings in order to identify properties with tribal re-
ligious or cultural significance that may be eligible for the National Reg-
ister of Historic Places (Traditiona Cultural Places), and to determine
ways to avoid or minimize effects to those properties.

National Environmental Policy Act of 1969 (P.L. 91-190; 83 Stat. 852; 40 U.S.C.
1500-17.7; 42 U.S.C. 4321-61; 43 CFR 1500-1508). This requires fed-
eral agencies to consult with Native American tribes regarding land use
plans.

Federal Land Policy and M anagement Act of 1976 (PL 94-579; 90 Stat. 2743; 43

U.S.C. 1701). This provides Native American tribes and groups the op-
portunity to express their views and identify places of concern.
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American Indian Religious Freedom Act of 1978 (P.L. 95-431; 92 Stat. 469; 42
USC 1996 and 1996a; 43 CFR *7; Executive Order 13007). Thisrequires
federal land managing agencies to identify, through consultation, the
concerns of traditional Native American religious practitioners, and to
accommodate access to and ceremonial use of sacred sites.

Archaeological Resources Protection Act of 1979 (P.L. 96-95; 93 Stat. 721; 16
U.S.C 470aa-470mm; P.L. 100-555; P.L. 100-588). This requires consid-
eration of Native American concerns and requires that federal land man-
aging agencies notify appropriate tribes before approving permits for ex-
cavation of archaeological resources if the location may have cultural or
religious importance to the tribes.

Native American Graves Protection and Repatriation Act of 1990 (P.L. 101-601;
104 Stat. 3048; 25 U.S.C. 3001; 43 CFR "10). Requires federal agencies
to consult with appropriate tribes before the authorization of excavation
or removal of Native American human remains and funerary objects with
the purpose of determining how the tribes would like the agency to treat
these remains.

In carrying out its mandated responsibilities, the Bureau of Land Management is
obligated to ensure that the concerns that Native Americans have about federal
land use plans are adequately addressed. The Bureau of Land Management must
foster and maintain credible government-to-government relationships with Na-
tive American tribes.

L etters were sent to 26 tribes and various bands regarding the Powder River Ba-
sin Oil and Gas Environmenta Impact Statement. Of the 26 tribes asked to par-
ticipate, the Kiowa Tribe, Apache Tribe, Comanche Tribe, Teton Lakota Tribe,
the Oglala L akota Tribe, and bands of the Minneconjou, Siha Sapa, Oohenumpa,
and Itazipco Lakota have expressed concerns and have asked to meet with BLM
staff. These Native American groups have expressed concern over the handling
of inadvertent discoveries of human remains, have asked for the opportunity to
visit project areas to identify and interpret traditional cultura places, and have
requested tribal monitoring of sensitive locations including archaeological sites.
A meeting hosted by the Cheyenne River Sioux and attended by members of the
Cheyenne River Sioux Tribe and Oglala Lakota Tribe was held in South Dakota
in April 2001.

Treatments

The BLM, FS, and the State Historic Preservation Officer (SHPO) will develop a
project treatment plan (outline in Appendix 1). This plan would provide direction
and decisions ahead of time so that actions in the field can be carried out much
quicker, especially when unexpected discoveries are made. Mitigation of adverse
impacts may include, site avoidance through project relocation or redesign, visual
resource management including adjustment of the color of facilities, landform
screening, detailed mapping and recordation, historic documentation, or data re-
covery.
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Many areas of federal mineras in the Project Area are privately owned surface.
The surface owners must be kept informed of activities that are planned on their
property, including the identification and treatment of historic and prehistoric
resources. They must also understand, or be reassured that resources on their
property belong to them, and that they will have the option of taking possession
of any cultural materials recovered on their land after the completion of appropri-
ate documentation and analysis.

The following section briefly outlines several types of situations that may arise
and potentia options for dealing with those situations. These options will be dis-
cussed in more detail in the treatment plan.

Situation 1 — Unevaluated Sites:

Roughly 35 percent of the known sites in the Project Area are unevaluated. The
reason that a particular siteis unevaluated may include:

» The site was recorded formally or informally outside the Section 106 or
NEPA processes and eval uation was not required;

» Siterecording was incomplete or inadequate;

» Documentation of the historic context of the site was not pursued and in-
formation isinadequate for evaluation,;

» The site is largely obscured (buried by sediment or covered by later con-
struction episodes) and elements of the site must be uncovered to provide
information for evaluation; or

» Comparative information on similar or related sites is insufficient or in-
adequately compiled.

If asite will be impacted by a proposed federal action it must be evaluated to de-
termine whether it is a historic property. Depending on why the site is unevalu-
ated it may require:

» A revisit and rerecording by current standards;

» Comparative or technical analysis of artifacts, materials, photographs, or
information already gathered from the site;

» A search of public, historical or archival records to establish context and
associations,

» Test excavation or partial removal of overlying fabric and structures to
establish the nature and integrity of the site;

» A search of archival maps, photographs, or records to clarify earlier iden-
tity, appearance, location, or extent of afeature, building or structure; or

» Compilation of comparative data on similar or related sites.

If the effort necessary to adequately evaluate a site is excessive in comparison
with the scale of the proposed action, it may be prudent to modify the proposed
action to avoid the site as if it were eligible. However, it will still be necessary to
verify the extent of the site and its contributing elements. If the site is unevalu-
ated it can be difficult to adequately plan for avoidance and protection, because
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part of the process of evaluation is identifying the contributing elements or char-
acteristics of the site that need to be protected.

Situation 2 — Resources that are Eligible for their
Potential to Yield Important Information

Eligibility
Historic or prehistoric artifact scatters, artifacts with surface features, or buried
levelsthat are eligible primarily for the information they may yield (Criterion d).

Impacts

» Mechanical disturbance by earth moving activities, surface traffic, erosion,
or destabilization resulting in: loss of artifacts or features; loss of the con-
text, patterning, or internal association of artifacts and features; or loss of
specialized evidence (e.g., chemical, pedological, chronometric, geomor-
phic) integral to the information potential of the property.

» Deterioration through neglect.

» Intentiona or inadvertent displacement, mixing, or remova of site ele-
ments.

Management

» Avoidance and protection during development by stipulation of limited
activity, fencing or protective barricades, and monitoring — either the entire
property or contributing areas within the property.

» Prevention of erosion, sedimentation, or indirect displacement by sediment
stabilization, silt fences, or other appropriate measures — both development
and post-devel opment.

» Permanent fencing after development to exclude casual traffic and grazing
disturbance.

» If avoidance and protection is not feasible, or site is inadvertently
damaged, approved data recovery of elements of the site that make it
eligible and are threatened.

Situation 3 — Resources Eligible for their
Associations

Eligibility

Properties or extensive landscapes eligible for association with an event or pat-
tern of events important in prehistory or history or the significant contributions of
a person or being important in history or tradition that is integrally associated
with the location, setting and feeling, with or without artifacts, features, struc-
tures, or buildings (Criteriaaand b).
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Impacts

» Mechanical, visual, or auditory disturbance to the location and setting that
impairs the essential character of the property that conveys the important
event, pattern of events, or setting in which an important person or being
developed or delivered an important contribution to history or tradition.

» Indirect or delayed disturbance by destabilization of the landscape or in-
troduction of aggressive plants or animals out of character with the historic
setting.

Management

» Avoidance and protection during development and operation of the essen-
tial character of the location and setting of the property by limitation of ex-
tent and duration of activities, fencing or protective barricades, and moni-
toring of the immediate property and essential elements of its location and
setting including any appropriate buffer.

» Stipulations on development and operation of facilities and access to facili-
ties so that intrusion on the essential character of the property is minimized
— including minimum proximity for development and traffic, restriction of
noise, restriction of activities within view of the property, or use of con-
struction materias, styles, and colors that are in character with the setting.

» Protective measures and monitoring to prevent significant changes in
vegetation, hydrology, or soil stability.

» Unavoidable impact might be mitigated by an approved plan of recorda
tion, or recordation and restoration of the essential character and setting of
the property.

Situation 4 — Resources Eligible for their Design,
Materials, Workmanship or Artistic Value

Eligibility
» Properties dligible as non-portable art, architecture, or designed structures
(Criterion ¢).
» In many cases the location, setting and feeling of these objects, buildings
or structures may also be essential el ements of their significance.

Impacts

» Direct mechanical damage to the essential character of the object, building
or structure.

» Indirect damage or deterioration to essential design, materias, or work-
manship by destabilization of underlying materias, structural vibration,
dust, or damaging fumes. These might include erosion, acceleration of
structural deterioration, deterioration of the underlying substrate of rock
art, deterioration or corrosion of pigments or surface materias, or deposi-
tion of intrusive sediments or materials.
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» Mechanical, visual, or auditory disturbance to the location and setting that
impairs the essential character of the property.

Management

» Avoidance and protection during development and operation of the essen-
tial character of the object, building or structure, and of the location and
setting of the property by limitation of extent and duration of activities,
fencing or protective barricades, and monitoring of the immediate property
and essential elements of its location and setting including any appropriate
buffer.

» Stipulations on proximity, extent, and duration of traffic and activities dur-
ing development and operation in order to control vibrations, dust, ex-
haust, and fumes that might damage or disturb the essential character of
the property.

» Periodic monitoring of compliance with stipulations and the effectiveness
of those stipulations.

» Stahbilization of structure or underlying materials.
» Control measures to minimize dust and fumes.

» Protective materias or barriers to control the movement of intrusive or
damaging materials.

» Unavoidable impact might be mitigated by detailed recordation; relocation
of the object, building or structure if its location and setting are not pri-
mary essential elements of its significance; or repair and restoration.

Project Alternatives

The Project Area has been divided into 18 sub-watersheds for the purpose of
analysis. The total square miles, square miles surveyed, percent surveyed, and
average sites per square mile by watershed are shown in Table 4-95. The amount
of land involved varies greatly by watershed with the largest amount of acreage
in the Upper Powder River watershed and the smallest in the North Fork Powder
River. As expected, the surveyed areas and percent of area surveyed also varied
greatly. Figure 4-43 shows sections in the Project Area that have had intensive
surveys and the relative density of sites recorded. The average percent of area
surveyed for the total Project Areais 10.2 percent with a high of 40.6 and a low
of 0.7 percent. The number of sites per square mile for the total Project Areais
6.1 with the largest number of sites per square mile found in the Clear Creek sub-
watershed and the smallest in the Upper Belle Fourche River sub-watershed. The
Clear Creek sub-watershed is a diverse area that is likely to have a high site den-
sity. However, in this table, the site density is also inflated by thematic surveys
that reported sites, but have no associated survey acreage. The total number of
sites recorded in al the watersheds appears low, but is likely a result of the
amount of surveyed acreage being low rather than indicating a low site density.
The most common sites in the Project Area are prehistoric artifact scatters and
rural historic sites.
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Table 4-95 Previously Surveyed Area and Average Density of Known
Cultural Resource Sites per Square Mile by Sub-water shed

Total Square Square Miles Percentage

Sites per

Sub-watershed Miles Surveyed Surveyed  Square Mile
Little Bighorn River 775 0.6 0.7 13.3
Upper Tongue River 1,156.1 337 29 13.3
Middle Fork Powder River 725.7 238 3.3 222
North Fork Powder River 32.3 04 13 15
Upper Powder River 2,505.5 229.4 9.2 5.0
South Fork Powder River 178.7 53 3.0 7.4
Salt Creek 238.1 11.3 4.7 79
Crazy Woman Creek 856.7 79 0.9 21.3
Clear Creek 855.4 6.7 0.8 45.2
Middle Powder River 350.4 31.9 9.1 52
Little Powder River 1,352.3 158.6 11.7 4.6
Little Missouri River 60.2 2.7 45 10.7
Antelope Creek 1,031.7 206.4 20.0 4.7
Dry Fork Cheyenne River 483.3 64.0 13.2 8.9
Upper Cheyenne River 323.1 131.2 40.6 5.2
Lightning Creek 481.8 62.2 129 45
Upper Belle Fourche River 1,320.1 245.3 18.6 4.3
Middle North Platte River 332.2 41.0 12.4 7.7
Total 12,361.1 1,262.4 10.2

Average 6.1

For planning purposes, it is assumed that the areas that have been inventoried for
cultural resources in each sub-watershed are representative of the range of set-
tings in the respective sub-watersheds. It is further assumed that cultural resource
sites are randomly distributed across the landscape. Given the total number of
previoudy recorded sites per square mile for each watershed, the number of sites
expected in the remaining unsurveyed areas can be estimated. Figure 4-43 shows
the estimate of square miles of total disturbance as a result of the Proposed Ac-
tion and each Alternative and the number of cultural resource sites that may be
affected by the proposed disturbance in each sub-watershed for the four alterna-

tives.
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Figure4-43 | Distribution of Intensive Surveys and the Relative Density of
Cultural Sites Recorded
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Alternative 1

Alternative 1 isthe Proposed Action. The total square miles of potential impact is
329.3. The number of sites per square mile from Table 4-96 is used as a multi-
plier to egtimate the number of sites in the area of potentia effect given the
square miles of new disturbance. The potential number of sites affected by water-
shed varies from a high of 1,200 to a low of zero where there is no proposed de-
velopment. All areas of ground disturbance associated with federal actions would
be surveyed for cultura resources during the APD process. Until those surveys
are completed, only rough estimates can be made of the actual number of eligible
cultural resource sites that would be affected by the proposed oil and gas devel-
opment and the nature of those effects.

Table 4-96 Estimated Square Miles of Total CBM Surface Disturbance
and Potentially Affected Cultural Resour ce Sites by Sub-
water shed and Alternative

Alternativel  Alternative 2A  Alternative2B  Alternative 3

ks 8 g ks

g s s E

(3] (3] () (3]

s g & g8 & g & g
Sub-watershed 3 @ 3 @ 3 @ 3 @
Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 17.6 236 18.9 253 17.6 236 145 194
Middle Fork Powder River 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0
Upper Powder River 109.7 549 1289 645 1231 616  30.8 154
South Fork Powder River 0 0 0 0 0 0 0 0
Salt Creek 18 14 1.9 15 19 15 05 4
Crazy Woman Creek 226 479 264 565 25.0 535 7.9 169
Clear Creek 273 1234 295 1333 277 1252 183 827
Middle Powder River 6.3 32 7.1 37 6.7 35 15 8
Little Powder River 24.0 110 257 118 246 113 124 57
Little Missouri River 0 0 0 0 0 0 0 0
Antelope Creek 704 401 709 404  70.6 402 259 148
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0
Upper Cheyenne River 5.2 27 54 28 5.2 27 24 12
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche River 48.0 206 480 206 474 204 285 123
Middle North Platte River 0 0 0 0 0 0 0 0

Total 3329 3288 3627 3,604 3498 3435 1427 1,696
- —— - - - - - - - "~ - - -

Alternative 2

Alternative 2 differs from the Proposed Action in the methods of boosting com-
pression and the strategies for produced water management. Although the num-
ber of proposed new wells to be developed in Alternative 2 is the same as the
Proposed Action, the area of potential disturbance presented for Alternative 2 in
Table 4-96 is different than that presented for the Proposed Action. Alternative 2
also includes two methods for handling produced water (2A and 2B), which dif-
fer dlightly in the area that would be disturbed.
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The total square miles of potential impact for Alternative 2A is 358.5. The hum-
ber of sites per square mile from Table 4-95 is used as a multiplier to estimate
the number of sitesin the area of potential effect given the square miles of new
disturbance. The potential number of sites affected by watershed varies from a
high of 1306 to alow of zero where there is no proposed development. Alterna-
tive 2B would result in less total surface disturbance (346.4 square miles) and
dightly fewer cultural resource sites affected. All areas of ground disturbance
associated with federal actions would be surveyed for cultural resources during
the APD process. Until those surveys are completed, only rough estimates can be
made of the actual number of eligible cultural resource sites that would be af-
fected by the proposed oil and gas development.

Alternative 3

This alternative would result in no new federal wells. There would till be effects
from development, drilling, and operations on private or state land. Some of the
roads and water handling facilities would be located on federal lands. Federa
agencies would allow these effects. Consequently, a small amount of federal land
would be affected by private development in Alternative 3. The tota square
miles of potential effect for Alternative 3 is 141.1. The number of sites per square
mile from Table 4-95 is used as a multiplier to estimate the number of sitesin the
area of potential effect given the square miles of new disturbance. The potential
number of sites affected by watershed varies from a high of 818 to alow of zero
where there is no proposed development. All areas of ground disturbance associ-
ated with federal actions would be surveyed for cultural resources during the
APD process. Until those surveys are completed, only rough estimates can be
made of the actual number of eligible cultural resource sites that would be af-
fected by the proposed oil and gas devel opment.

Management Options

Because of the requirements for compliance with federa regulations including,
but not limited to Section 106 of the National Historic Preservation Act, the Na-
tional Environmental Policy Act, and the Archeological Resources Protection
Act, all areas on Federal lands and mineral proposed for disturbance will be in-
ventoried for cultural resources. Procedures and standards for identifying, evalu-
ating, and protecting cultural resources under federal jurisdiction would be
spelled out in the treatment plan. Equivalent regulatory mandates are not in place
for private or State of Wyoming lands. However, if a project involves a Federal
permit or authorization, Federa historic preservation requirements will apply.

It isevident that all of the alternatives will result in adverse effects to large num-
bers of historic properties. As development progresses the opportunities for
avoiding direct or indirect effects to historic properties will diminish. As more
wells are developed it will become increasingly difficult to avoid visua and audi-
tory impacts to cultural landscapes. Because of long-term planning and manage-
ment considerations, cultural resource inventories should target entire plans of
development (PODs) rather than piecemeal actions.
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The following types of management situations will be encountered:

The resource is not a historic property, no further work is required;

2. The historic property is within an area of proposed disturbance, but the pro-
posed action can be altered within areas of existing inventory to avoid direct
adverse effects and protect the property from indirect adverse effects;

3. The historic property is within an area of proposed disturbance but the pro-
posed action can be atered, relocated, or constrained within areas of existing
inventory so that only non-contributing portions of the historic property are
affected and contributing portions can be protected from adverse impact;

4. The historic property is not immediately within the area of proposed impact,
but its location and setting are intrinsic to its eligibility, and the proposed ac-
tion can be atered, relocated, or constrained in such a way that its intrusion
upon the viewshed and adverse effect contributing aspects of the setting can
be minimized;

5. The historic property is within an area of proposed impact but is a small
property digible under Criteria ¢ or d and the property itself, its significant
attributes, or its important data are not intrinsicaly tied to their location or
setting and can be moved, collected, documented, or studied at minimal cost;
or

6. The historic property and feasible design of the proposed action are such that
avoidance and protection of the property is not a viable aternative. In such a
case the cultural resource professiona will propose a prudent and feasible
recordation or data recovery plan to submit to BLM for review.

7. The historic property was not identified or predicted by the cultural resource
inventory and was encountered during devel opment or operation of the facili-
ties.

The treatment plan would discuss management strategies that can be applied to
the latter situations to expedite the management process. It also would specify
monitoring strategies that will assess the effectiveness of management strategies
in achieving preservation objectives. If management activities are not achieving
their objectives, the strategies and stipulations would be modified to improve
their effectiveness.

Land Use and Transportation

Land Use

This section discusses the potential effects to land ownership, land uses, and land
management plansin the Project Area.

Land Status/Ownership

Surface or mineral ownership would not be expected to change by implementa-
tion of any of the alternatives. No direct or indirect effects to existing surface
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land ownership or mineral ownership would occur under implementation of any
of the aternatives.

Surface use and rights-of-way approvals would be obtained from appropriate
federal, state, and local agencies. Access easements would be negotiated with
landowners or secured through the permitting processes of the federal, state, or
local jurisdictiona agencies. For Alternative 1 and Alternative 2, most of the
proposed wells and ancillary facilities would be located on lands for which the
federal government owns the CBM mineral estate. However, not al of the sur-
face ownership may be federally owned.

Land Use

This section discusses the short-term and long-term direct and indirect adverse
effects to existing land uses that are anticipated to occur from Project implemen-
tation.

Direct and Indirect Effects

Rangeland/grazing is the primary land use that would be affected by any of the
alternatives for both public and private landsin the Project Area. Direct effectsto
land uses result from the removal or loss of existing land uses due to direct dis-
turbances for the Project-related facilities or activities, and occur at the same time
and place as the project-related action. Indirect effects to land uses are reasonable
foreseeable results of the Project-related activities that occur at alater time, or are
removed in distance from the project-related action. For example, project-related
activities may generate noise, dust, traffic, visual intrusion of project-related fa-
cilities or activities, and/or add new access roads into limited use areas, indirectly
affecting land uses for nearby properties and/or in the regiona area. Indirect ef-
fects result if the project-related activities are incompatible with the land uses
adjacent to the project-related disturbance areas, and may potentially change re-
gional land use development patterns. CBM facilities are generally considered to
be incompatible with residential land uses. The compatibility effects to residen-
tial areas from CBM facilities vary based on distance, topography, vegetation,
and type of facilities.

Both short-term and long-term direct adverse effects to land uses are anticipated
to occur from implementation of the any of the aternatives, as aresult of the sur-
face disturbances related to construction and operation of the proposed facilities.

Short-term direct effects to rangeland/grazing and other land uses would primar-
ily occur during the construction and installation phase for any of the dterna
tives. Long-term direct effects would result from displacement of existing land
uses for the life of the Project facilities for implementation of any of the aterna-
tives. After decommissioning, reclamation, and final closure of the proposed fa-
cilities, the pre-existing land uses would be re-established.

Long-term indirect adverse effects would occur to the land uses on properties
adjacent to the Project-related facilities from implementation of any of the alter-
natives due to the generation of dust and noise, visual and aesthetic effects of the
project-related facilities and activities, increased traffic levels from project-
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related vehicles, and increased public access opportunities as a result of the de-
velopment of new and upgraded access roads for the life of the Project.

Short-term indirect adverse effects would also occur to the land uses on proper-
ties adjacent to the Project-related facilities due to the physical intrusion of the
construction crew and equipment, and the temporary obstruction or delay of traf-
fic at road crossings during the construction and installation phase of any of the
alternatives.

Alternative 1

Effects to land uses are addressed for the three primary phases of the Proposed
Action: drilling and construction of facilities (short-term disturbances), produc-
tion and maintenance (long-term disturbances), and decommissioning/reclama-
tion. The overall life of the Project, including drilling, production, and reclama-
tion is expected to be 20 years. The productive life of asingle well is expected to
be seven years. Within two or three years following the end of production, final
reclamation of the wells would occur. After decommissioning, reclamation, and
final closure of project-related facilities, the pre-existing land uses would be rees-
tablished.

The land use disturbances associated with the Proposed Action include two pri-
mary components. The first is the CBM wells and their ancillary facilities. The
second component is the non-CBM wells and their ancillary facilities.

Under the Proposed Action, wells and ancillary facilities would be installed and
operated within 10 of the 18 sub-watersheds that comprise the Project Area. Most
of the new wells (63 percent) and facilities would be constructed in two sub-
watersheds: the Upper Powder River and Upper Belle Fourche River sub-
watersheds. Other sub-watersheds with relatively high numbers of wells and fa-
cilitiesinclude Clear Creek, Crazy Woman Creek, Upper Tongue River, and Lit-
tle Powder River.

Rangeland/grazing is the predominant land use that would be displaced by the
project-related facilities for both the short term and long term. Short-term direct
effects to existing land uses in the Project Area would result from the clearing of
or damage to vegetation and disturbance of soils for the construction and installa-
tion of the proposed facilities associated with the Proposed Action. Long-term
direct effects would result from displacement of the existing land uses for the
production and maintenance activities that would occur for the life of the Project.

For the CBM wells, implementation of this alternative would cause short-term
disturbance of as many as 211,992 acres. The short-term disturbance associated
with Alternative 1 would involve about 3 percent of the ailmost 8 million-acre
Project Area. Under the Proposed Action, surface disturbances and effects to ex-
isting land uses would occur during drilling and construction of the proposed fa-
cilities, including well pads, CMFs, roads, pipelines, power lines, compressor
stations, and impoundments. Most of the short-term disturbance would be associ-
ated with the congtruction of the pipelines, roads, and water-handling facilities.
Compressor stations would account for asmall portion of the overall disturbance.
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After installation of the proposed facilities, much of the disturbed land would
reclaimed, revegetated, and returned to pre-existing land uses. Following recla-
mation of pipelines and partial reclamation of well pads and compressor stations,
long-term disturbance associated with the new CBM wells would encompass
about 108,799 acres. The acreage for long-term disturbance is a 45 percent reduc-
tion from the short-term disturbance. The roads and water handling facilities
would comprise most of the long-term disturbance.

Under the Proposed Action, approximately 6,657 and 10,619 miles of new im-
proved and two-track roads would be constructed, respectively. In the short-term,
construction of improved roads would disturb approximately 12,965 acres, and
construction of two-track roads would disturb 51,486 acres.

Of the total disturbance, short-term and long-term disturbances associated with
the well pads for the Proposed Action are 10, 474 acres and 3,938 acres, respec-
tively. The disturbances associated with the various pipelines for the Proposed
Action would be short-term. Following reclamation of the pipelines, no long-
term disturbance is anticipated. Reclamation would begin immediately after in-
stallation of underground pipelines.

A large portion of the disturbances associated with the Proposed Action are asso-
ciated with the large upland reservoirs that would be constructed to contain the
produced water over the life of the Project. Approximately 32,685 acres of total
surface area would be disturbed both short-term and long-term for the water han-
dling facilities for the Proposed Action. Each reservoir would have atotal distur-
bance area of approximately 140 acres. Most of this disturbance would occur
within the Upper Powder River and Upper Belle Fourche River sub-watersheds.

In addition to the disturbances associated with the CBM wells, about 3,200 non-
CBM wells would also be completed over a 10-year period as part of the Pro-
posed Action. Of these wells, 3,000 would be drilled within the Buffalo Field
Office Area, and 200 wells to be located within the Casper Field Office Area.
The projected maximum disturbance due to non-CBM wells is 5.5 acres and
4.5 acres per well for short-term and long-term disturbances, respectively. Short-
term disturbance associated with the construction of non-CBM wells would af -
fect dmost 17,600 acres of the Project Area. Most of this disturbance would oc-
cur in three watersheds: Little Powder River, Upper Belle Fourche River, and
Upper Powder River. Once the non-CBM wells are operational and partia recla-
mation has occurred, the long-term disturbance would be reduced to approxi-
mately 82 percent of the original disturbance, or approximately 14,402 acres.

Long-term indirect adverse effects to the land uses on properties adjacent to the
Project-related facilities would occur from implementation of the Proposed Ac-
tion due to the generation of dust and noise, visual and aesthetic effects of the
project-related facilities and activities, increased traffic levels from project-
related vehicles, and increased public access opportunities as a result of the de-
velopment of new and upgraded access roads for the life of the Project. Short-
term indirect adverse effects to the land uses on properties adjacent to the Pro-
ject-related facilities would also occur due to the physical intrusion of the con-
struction crew and equipment, and the temporary obstruction or delay of traffic at
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road crossings during the construction and installation phase of the Proposed Ac-
tion.

Alternatives 2A and 2B

With the exception of the overall methods for handling the disposal of produced
water, the land use effects associated with implementation of Alternative 2 are
similar to those for the Proposed Action. Compared to Alternative 1, the changes
in water handling methods included as part of this alternative sightly lower the
number of acres that would be disturbed for both the short-term and long-term if
this dternative isimplemented.

For Alternative 2A, short-term disturbance would be approximately
248,485 acres of total surface area. Long-term disturbance associated with Alter-
native 2A would be 142,095 acres. Much of this long-term disturbance is associ-
ated with approximately 51,579 acres of surface area that would be disturbed for
the water handling facilities to contain the produced water from the proposed
CBM wells.

For Alternative 2B, short-term disturbance would be approximately
240459 acres of total surface area. Long-term disturbance would be
134,069 acres, of which 43,553 acres would be associated with the water han-
dling facilities.

For both Alternative 2A and Alternative 2B, rangeland/grazing is the predomi-
nant existing land use that would be displaced by the project-related facilities for
both the short-term and long-term effects.

Alternative 3

Under this alternative, development of non-federal CBM wells would continue to
occur on non-federal lands within the Project Area. The agencies assumed devel-
opment of private and state minerals would occur along the same overall sched-
ule as for Alternative 1. The Companies would drill approximately 15,458 new
CBM wells between 2002 and 2011. These wells would be in addition to the
12,077 CBM wells aready permitted or drilled on federal, state, and private
lands within the Project Area. A total of 27,535 CBM wells would be devel oped
by 2011 under this alternative.

As described under Alternative 1 and Alternative 2, some of the new CBM wells
would be drilled from the same well pads; therefore, the number of pads con-
structed would be less than the number of wells drilled. A total of 10,534 new
well pads would be constructed between 2002 and 2011. Including the
9,592 pads constructed or permitted prior to 2002, implementation of Alternative
3 would result in atotal of 20,126 well pads by 2011.

Because fewer new wells would be drilled and fewer pads constructed, the num-
ber of facilities constructed would be smaller than under the Proposed Action.
The overall short-term and long-term disturbances associated with this aternative
would be less than that which would occur with implementation of Alternative 1
or Alternative 2.
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Short-term direct adverse effects to land uses would result from the clearing of or
damage to vegetation and disturbance of soils for the drilling and construction of
facilities associated with any of the alternatives. For Alternative 3, short-term
direct effects associated with the CBM wells would displace approximately
90,807 acres from the existing land uses, primarily rangeland/grazing. In addi-
tion, almost 17,599 surface acres would be disturbed by construction of non-
CBM wells. Most of this disturbance would occur in three sub-watersheds. They
are the Little Powder River, Upper Belle Fourche River, and Upper Powder
River.

Long-term direct effects to land uses would result from the production and main-
tenance activities for the life of the Project. Once the CBM wells are operationa
and partia reclamation has occurred, long-term direct effects associated with the
CBM wells would displace approximately 45,057 acres from the existing land
uses, primarily rangeland/grazing. Approximately 14,384 acres of the total long-
term disturbance would be displaced for the water handling facilities to contain
the produced water from the proposed CBM wells. The long-term disturbance
from the non-CBM wellsis estimated to be an additional 6,339 acres.

Under Alternative 3, the existing land uses in the Project Area would continue to
receive long-term indirect adverse effects would occur due to the generation of
dust and noise, visual and aesthetic effects of the project-related facilities and
activities, increased traffic levels from project-related vehicles, and increased
public access opportunities as a result of the development of new and upgraded
access roads for the life of the Project. Short-term indirect adverse effects to the
land uses on properties adjacent to the Project-related facilities would also occur
due to the physical intrusion of the construction crew and equipment, and the
temporary obstruction or delay of traffic at road crossings during the construction
and installation phase of any of the alternatives.

Consistency with Land Use Plans

Implementation of either Alternative 1 or Alternatives 2A and 2B would be
consistent with land use plans of the State of Wyoming, the planning goals of the
four counties, and planning goals of numerous incorporated areas within the Pro-
ject Area. The results of the anaysis of federal land use plans are presented in
Chapter 5.

Although some of the proposed wells are within or near incorporated areas, pri-
marily near the City of Gillette, zoning regulations alow oil and gas develop-
ment within designated zoning districts. CBM facilities are generally considered
to be incompatible with residential land uses. The degree of compatibility of
CBM facilities adjacent to residential areas varies based on distance, topography,
vegetation, and type of facilities.

Cumulative Land Use Effects

Under Alternative 1 or Alternatives 2A and 2B, the Companies would drill, com-
plete, and operate an additional 39,367 new CBM wells within the Project Area
by the end of 2011. Including the 12,077 CBM wells aready permitted in the
Project Area, Alternative 1 or Alternative 2 would have a cumulative total would
of 51,444 new CBM wells, and 3,200 non-CBM wells within the Project Area by
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the end of 2011. The life of the Project for either of the action aternatives would
be 20 years, and project-related activities would be completed around 2021.

Under Alternative 3, the Companies would drill approximately 15,458 new non-
federal CBM wells between 2002 and 2011. These wells would be in addition to
the 12,077 CBM wells already permitted or drilled on federa, state, and private
lands within the Project Area. A cumulative total of 27,535 CBM wells would be
developed by 2011 for this alternative.

Under any of the dternatives, the existing land uses would be temporarily dis-
placed by the Project-related facilities over the life of the Project, primarily at
CMFs, compression facilities and the water handling facilities where other uses
would be fenced out.

Based on a comparison of acres of the total surface area disturbed for the Project
facilities associated with each aternative, both short-term and long-term direct
and indirect land use effects would be substantialy less for Alternative 3, than
for Alternative 1 or Alternative 2. Short-term disturbance associated with the
CBM wells for Alternative 1 would affect approximately 230,703 acres. For Al-
ternative 1, Alternative 2A, and Alternative 2B, the short-term disturbance asso-
ciated with the non-CBM wellsis estimated to affect approximately 17,599 acres.
The short-term and long-term disturbances associated with Alternative 2A are
estimated to affect approximately 232,180 acres and 128,987 acres, respectively.
Alternative 2B would result in disturbances of approximately 223,934 acres and
120,741 acres over the short term and long term, respectively. Under Alternative
3, short-term and long-term disturbances would affect approximately
91,275 acres and 45,525 acres, respectively.

Transportation

This section discusses the potential effects to the transportation resources within
the Project Area.

Effects to transportation resources are addressed for the three primary phases for
each of the alternatives: construction and install ation, operation and maintenance,
and decommissioning/reclamation. The productive life of a single well is ex-
pected to be approximately 7 years. Within two or three years following the end
of production, final reclamation of the wells would occur. The overal life of the
Project, including drilling, production, and reclamation is expected to be
20 years.

Effects on the existing transportation system and traffic levelsin the affected sub-
watersheds would vary between the initial short-term construction and instala-
tion period (approximately one to two years for a given area), and the long-term
operation and maintenance period for the life of the Project (20 years).

For any of the alternatives, prior to the construction of any new roads that are to
access an existing state or county road, an access permit must be obtained from
the Wyoming DOT. The application form for an access permit must include loca-
tion of proposed road construction, and roadway design specifications, including
type of surface material, drainage structures, roadway width, profile and grades.
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Rail service and airports within the Project Areas would not be impacted by any
of the aternatives. Drilling operations for any of the alternatives would comply
with the Federal Airport Regulation Sub-Part 77 (FAR Part 77) reguirements.
Obstructions to air navigation are defined as any structure that is 200 feet in
height above ground level or above the established airport elevation, whichever is
higher, and within three miles of the established airport reference point. The FAA
Form 7460-1 “Notice of Proposed Construction of Proposed Construction or Al-
ternation” is required to be submitted to FAA at least 30 days before construction
activities near an airport.

Assumptions of transportation-related impact analysis:

>

The congtruction and installation phase for any of the alternatives would
occur within the entire Project Area over approximately a 10-year period.
Short-term and long-term increases in daily traffic would result from the
proposed activities for any of the aternatives.

Equipment needed for construction and installation of the proposed facilities
for any of the alternatives would include heavy equipment (mobile drilling
rig, bulldozers, graders, track hoes, trenchers, and front-end loaders), and
heavy- and light-duty trucks.

Short-term increases in daily traffic were assessed for al the aternatives
based on the daily travel of the average number of estimated workers for the
construction and installation phase of the proposed facilities, and would oc-
cur for approximately 10 years over the entire Project Area.

Long-term increases in daily traffic were assessed for all aternatives based
on the daily travel of the average number of estimated workers for the op-
eration and maintenance phase of the proposed facilities, and would occur
for the estimated 20-year life of the Project over the entire Project Area. For
the entire Project Area, the operation and maintenance phase for any of the
alternatives would occur concurrently with both the construction and instal-
lation phase, and the decommi ssioning/reclamation phase.

Short-term increases in daily traffic were assessed for all the aternatives
based on the daily travel of the average number of estimated workers for the
decommissioning/reclamation phase of the proposed facilities, and would
occur for approximately 10 years over the entire Project Area.

Increases in average daily traffic counts would occur on the primary access
roads into the Project Area, predominantly 1-25, 1-90, U.S. Highways 14 and
16, and State Highways 59 and 387.

The additional traffic generated by the project-related vehicles was esti-
mated based on the estimated average number of workers per day for Alter-
native 1 and for Alternative 3). The additional project-related traffic would
be distributed throughout the entire Project Area.

To compute the increases to average daily traffic count for the roads in the
Project Area due to project-related vehicle trips for all of the alternatives, an
average of 1.5 workers per vehicle was assumed for both the short-term
construction and instalation phase, and for the decommission-
ing/reclamation phase. One worker per vehicle was assumed for the opera-
tion and maintenance phase. Each worker was assumed to make one round

trip per day.
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» No new public roadways or new intersections would be built under any of
the aternatives.

» A significant traffic volume impact would occur if the Project-related vehi-
cle trips generate a 25 percent or more increase in the average daily traffic
count compared to the existing (background) average daily traffic counts for
the mgjor access roads in the Project Area.

» Anincrease in accident rate is likely at intersections, or locations such as
where alane merges, if the increase in number of vehicles entering existing
intersections is significantly higher than (10 percent of more) background
conditions.

Alternative 1

Under the Proposed Action, approximately 6,657 and 10,619 miles of new im-
proved and two-track roads would be associated with the new CBM facilities,
respectively. Most of the roads to access well pads (resource roads) would be
developed in two steps. Initially each road would be roughed in as a two-track
road with an approximately 10 foot-wide rights-of way. Generally, the BLM re-
quires improved graded and graveled roads with approximately 40 foot-wide
rights-of way to conventional oil and gas operations. However, because the need
to travel to the CBM wells is very limited, the BLM has waived the blanket re-
quirements for road improvements to minimize surface disturbance. Road surfac-
ing needs would be determined in consultation with the BLM or landowner based
on site-specific conditions.

New access roads located on BLM or FS lands would meet BLM minimum road
design and maintenance requirements, which are provided in BLM Manual Sec-
tion 9113 — Roads (BLM 1985c) and the BLM Wyoming Supplement (BLM
1991). Road routes, locations, and design criteria are included in the APD and/or
rights-of-way applications. The operators would provide the BLM with copies of
all road maintenance agreements.

Unless work is needed to aleviate concerns about safety or access difficulties,
the roads to access well pads would be maintained in a two-track status. Gravel
may be applied to problem areas, such as stream drainage crossings, low water
crossings, and areas of rough topography.

The counties and Companies would primarily be responsible for maintaining the
Project’s improved roads in the Project Area. The counties would maintain the
exigting county roads and any roads covered by maintenance agreements with
BLM. The Companies would maintain all other project roads.

In general, the Companies would reclaim access roads required for construction
but not needed for production as soon as practical. If awell is not successful and
is plugged, the road would be reclaimed. However, with the surface owners' con-
currence, the Companies could leave the road in place where there is value for
ranching or agricultural uses. If a landowner decides to keep a road, then the
landowner would accept responsibility for maintaining the road upon abandon-
ment by the Companies.

4-245 PRB O & G DEIS



Chapter 4 — Environmental Consequences

Reclamation of access roads would be performed after production activities are
completed. Access roads would be reclaimed by ripping/plowing and seeding
unless the landowner and/or land manager wishes to make use of any roads and
accepts responsibility through execution of a release for future road maintenance.
Roads not needed for further work would be blocked, re-contoured, reclaimed,
and reseeded/revegetated. Reclamation would be consistent with the require-
ments of the federal managers (according to Onshore Oil and Gas Order No. 1,
Approval of Operations), and the State of Wyoming. On private lands, the Com-
panies would execute release of the roads to the landowner or reclaim it accord-
ing to the terms of the surface use agreements that may be in effect at that time.

All road disturbances on federal lands would be reseeded with a seed mixture
approved by the Authorized Officer, as described in the APD Surface Use Pro-
gram or Conditions of Approval. The seed mixture would be planted in the
amounts specified in pounds of pure live seed per acre. All seed mixtures would
be certified as weed free. Commercial seed would be either certified or registered
seed. Seeding and/or planting would be repeated until satisfactory revegetation is
accomplished.

For the Proposed Action, the average number of project-related workers per day
would decrease from 1,043 workers during the initial short-term construction and
installation period, to 395 workers per day during the long-term operation and
maintenance period. Drilling, well installation, and completion for an individua
well is anticipated to take approximately six days, requiring an average of 5
workers per day.

The average number of workers required for the decommissioning/reclamation
phase for this aternative is estimated to be approximately 603 workers per day.
During the decommissioning/reclamation phase, there would be short-term in-
creases in traffic generated during the removal of equipment and reclamation at
the individual well sites. Reclamation is estimated to require about three workers
per day for five days per facility.

Transportation-related effects from implementation of the Proposed Action are
summarized:

» The average daily traffic would increase by approximately 3,129 additional
vehicle trips (based on estimated number of workers per day), distributed
over the various roads within the entire Project Areafor the short-term con-
struction and installation phase of the Project.

» The average daily traffic would increase by approximately 790 additional
vehicle trips (based on the estimated number of workers per day) for the
long-term operation and maintenance phase of the Project, distributed over
the various roads within the entire Project Area.

» The average daily traffic would increase by approximately 1,206 additional
vehicle trips (based on the estimated number of workers per day) for the de-
commissioning/reclamation phase of Project, distributed over the various
roads within the entire Project Area.

» Based on the proposed well locations, approximately 63 percent of the addi-
tiona daily traffic due to project-related vehicles would occur within the
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Upper Powder River and Upper Belle Fourche River sub-watersheds. Pro-
ject-related traffic would be dispersed throughout these two sub-watersheds,
and would result in a relatively large increase in traffic on state and local
roads during the life of the Project, primarily affecting State Highways 59
and 387.

» Most of the remainder of the additional daily traffic due to project-related
vehicles would occur in the Clear Creek, Crazy Woman Creek, Upper
Tongue River, and Little Powder River sub-watersheds due to the relatively
high numbers of proposed wells and facilities.

» The estimated increases to average daily traffic due to project-related vehi-
cles is more than a 25 percent increase, compared to the existing average
daily traffic counts for some of the roadsin Project Area.

» The estimated increase in risk of traffic accidents due to additiona the traf-
fic of project-related vehicles, would be approximately the same percent in-
crease as the percent increase in average daily traffic counts due to project-
related vehicles, compared to the existing daily traffic counts for the roads
in the Project Area.

» Relatively minor traffic delays, caused by short-term lane closures, would
occur at some of the road crossings in the Project Area during the short-term
project-related activities.

Alternatives 2A and 2B

For Alternatives 2A and 2B, the estimated employment requirements and antici-
pated trips per day would be approximately the same as those discussed for Al-
ternative 1. The effects to transportation resources associated with the implemen-
tation of Alternatives 2A and 2B would be the same as those described for
Alternative 1.

Alternative 3

Because fewer new wells would be drilled and fewer pads constructed, the num-
ber of average workers per day would be less than that under the Proposed Ac-
tion. Assuming an average of 353 workers per day for the construction and instal-
lation phase associated with implementation of Alternative 3, the average daily
traffic would increase in the short-term by approximately 1,059 additional vehi-
cle trips (based on estimated number of workers per day), distributed over the
various roads within the entire Project Area.

For Alternative 3, an estimated average number of 169 workers per day are re-
quired for the long-term operation and maintenance phase for the 20-year life of
the Project throughout the entire Project Area. This results in long-term increase
in the average daily traffic of approximately 507 additional vehicle trips, distrib-
uted over the various roads within the entire Project Area.

Approximately 230 additional project-related vehicle trips are estimated for the
short-term decommissioning/reclamation phase of Alternative 3, distributed over
the various roads within the entire Project Area.

The estimated increases to average daily traffic, due to project-related vehicles
for the short-term construction and installation phase of Alternative 3, are an in-
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crease of more than 25 percent, compared to the existing average daily traffic
counts for some of the roads in Project Area.

Cumulative Transportation Effects

Direct adverse effects to the primary access routes within the Project Area, in-
cluding State, BLM, FS, and county roads, would occur due to project-related
vehicular traffic associated with the implementation of any of the alternatives.
The additional traffic is expected to increase the rate of degradation of the exist-
ing roadways in the Project Area, primarily in the Upper Powder River and Up-
per Belle Fourche River sub-watersheds.

Visual Resources

Development of coal bed methane in the Project Area would ater the physical
setting and visual quality of the landscape, and affect the landscape as experi-
enced from sensitive viewpoints, including travel routes and popular use areas.
The proposed facilities would introduce new elements into the landscape and
would alter the existing form, line, color, and texture, which characterize the ex-
isting landscape. The landscape provides a scenic setting for recreational and
residential uses of the area.

Direct effectsto visual resources occur due to the disturbance of the landscape by
project activities and the addition to the landscape of proposed facilities, includ-
ing the well pads, pumping units, compressors, and associated electric power
lines, pipelines, and access roads. Direct effects can be short or long term.

Short-term effects result from temporary disturbances to visual resources, includ-
ing construction and installation activities. Short-term effects to the visua char-
acter of the landscape can result from construction of small temporary pits on
drill sites, well drilling, and construction of ancillary facilities, such as access
roads, pipelines, power lines, CMFs, and compression stations.

Long-term effects result from the addition of permanent structures to the land-
scape and from the operation of facilities. Long-term disturbance would result
from the development of wells pads, CMFs, improved and two-track access
roads, power lines, and compressor stations. Effects from long-term disturbance
would occur over the expected 20-year life of the Project. The largest effects
would occur from the addition to the landscape of wells and the disturbances re-
sulting from the removal of vegetation on well pad areas and access roads. Each
two-track well access road would connect with local roads that provide access
into the Project Area. All gathering lines, water lines, high pressure gas lines, and
underground electrical cables would be located along road ROWSs wherever fea
sible, and would likely result in visual effects that exceed those of the access
roads alone.
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Alternative 1

Construction Disturbance

Short-term effects during the 10-year construction period to the visual character
of the landscape at each well pad would result from well pad construction, well
drilling, and associated construction of ancillary facilities, such as access roads,
power lines, pipelines, and compressor stations. Construction and installation of
pipelines would immediately follow construction of access roads and well pads
and coincide with the completion of well drilling. Each well pad access road
would connect with local roads that provide access in the Project Area. All gath-
ering lines, water lines, high-pressure gas lines and power lines would be located
adjacent to road ROWSs. A summary of estimated short-term disturbance from
each type of facility within each sub-watershed is estimated in Chapter 2.

The short-term disturbance associated with implementation of this alternative
could disturb as many as 179,307 acres or approximately 2 percent of the Project
Area. Most of the disturbance would occur on federal, state, and private lands
inventoried with VRM Class IV. Most of the disturbance would result from the
construction of pipelines and roads. Temporary disturbances would not conflict
with VRM objectives because for each well pad and associated access road and
power line, construction disturbances would occur over a period of less than two
years, after which they would be reclaimed back to permanent disturbances asso-
ciated with operations and maintenance. VRM objectives address modifications
to the landscape from long-term facilities.

Drill site preparation, drilling, and well completion activities are generally short-
term effects. Drilling would occur over a 10-year period throughout the Project
Area. Drilling activities associated with individual wells would be short-term,
typically occurring 24 hours per day for a one to three day period for each well.
Drilling activities would occur at night, so that lighting on drill rigs would be
visible from residences with a direct line-of-sight to well sites. During the con-
struction period, these activities would detract from the visual quality of the land-
scape and potentially conflict with residential and recreational uses, because they
would be visualy and audibly intrusive to residents and visitors. However, con-
struction activities would be spread over the 10-year construction phase. The vis-
ual intrusion of these activities would be site specific and would not affect view-
ers outside of the viewshed of each construction site in the Project Area. The ef-
fects to the existing landscape from drilling are site specific and would occur at
specific locations for no more than three days per drill site throughout the 10-
year drilling period. The total disturbance associated with construction activities
would not al occur at the same time within the overall ten-year construction
phase. Some sites would be reclaimed back to the permanent disturbance areas
before construction at other sites.

Drilling activities would be accomplished using drilling rigs, water trucks, back-
hoes, graders, or dozers and well servicing equipment. During a period of one to
three days, these activities would detract from the visual quality of the landscape
at each drill location. Once each well is completed, all disturbed areas not needed
for production facilities would be restored. The mud pit would be dried and back-
filled. Seeding of these areas would take place as soon as practicable.
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In addition to the disturbances created by construction on the sites, there would
be traffic associated with moving equipment over public highways and local
roads. Trucks would be used to transport drilling components, auxiliary compo-
nents, and personnel to each well site.

Construction activities would be evident to people using roads within the Project
Area. Residents and visitors in the Project Area would be impacted by the sight,
dust, and noise of construction activities. In addition, the transport of equipment
and materials to the Project Area would be evident to other travelers on local
highways that would be used to access well sites.

Permanent Disturbance

The Proposed Action would constitute a change of the visual character of the ex-
isting rural landscape that characterizes most of the Project Area. The addition of
well sites and associated access roads and power lines would result in a mixed
rural/industrial landscape. The components with the highest potential to ad-
versely affect the visud character of the area are the well pad clearings, pumping
units, power lines, and access roads. The operation of the proposed facilities
would introduce new elements of form, line, color, and texture into the land-
scape, and would essentially dominate foreground views and be obvious in mid-
dle ground and background views.

Long-term effects over the life of the Project would result from the addition of
the wells to the landscape and the disturbance of lands used for associated facili-
ties, such as power lines, water handling facilities, and compressor stations. The
most visible components of the proposed facilities are expected to be the clear-
ings for well pads and access roads, wellhead facilities, CMFs, water handling
facilities, and compressor stations within the Project Area. CBM development is
expected to modify the visual character of the existing rural landscape in the af-
fected sub-watersheds that previously had little or no oil and gas development.
Proposed activities would not change the rural/industrial character of the land-
scape near Gillette and along segments of Project Area highways, which cur-
rently includes considerable modification from other oil and gas activities and
from coa mining.

Most existing oil and gas development exists in the Little Powder, Upper Belle
Fourche, and Upper Powder River sub-watersheds in the genera vicinity of Gil-
lette. The landscape in this portion of the Project Areais characterized by oil and
gas development occurring in 80 to 160 acre well spacing patterns. Additional
CBM development in these three sub-watersheds would increase the areal extent
of the industrial components of the rural/industrial landscape. However, the over-
al landscape character in this area would remain similar to the existing land-

scape.

Once well productivity is established, production facilities would include a
weatherproof box structure placed over the wellhead and a metal fence or rail
placed around the box and electrical panel to protect them from livestock. There
would be no pump jacks or other facilities at the wellheads. The facilities would
be painted in non-reflective colors that harmonize with the surrounding land-
scape. The well pads would be 0.1 to 0.3 acres in size, depending on the number
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of wells located on the pads. Production facilities would be visible primarily in
the foreground distance zone of about 0.5 miles or less from any viewing area. In
the foreground/middieground to background distance zones (or greater that
0.5 miles from a viewing area) the facilities would blend with the existing colors
of the surrounding environment. The well pad clearings and access road distur-
bances would be visible in all zones due to contrasts in color and texture with the
surrounding vegetation. The collocating of wells on a well pad minimizes the
overall effect to the landscape by reducing the number of well pad clearings re-
quired for production facilities.

The largest effects would be to residential areas and isolated residences in the
Upper Powder, Upper Belle Fourche, Clear Creek, Little Powder, Antelope, and
Upper Tongue River sub-watersheds, particularly in those sub-watersheds in the
general vicinity of Gillette. Several well pads with one or more wells would be
adjacent to or within foreground distance zones of up to a mile from residencesin
some subdivisions located adjacent to Gillette municipal boundaries. Visible fea-
tures would consist of well production facilities, well pad clearings, and access
roads. Facilities would be most visible to travelers on affected highways during
that period of time when they are within the line of sight as they travel towards
the facility.

Approximately 10,619 miles of two-track roads and 6,657 miles of improved
roads would be constructed to access proposed facilities from highways and local
roads in the Project Area. Two-track roads would be used to access CBM wells
in many cases because the need to travel to CBM wells is very limited. Two-
track roads comprise a visible disturbance on the ground surface; however, as no
surfacing is required, the visible disturbance from a two-track road is considera-
bly less than the disturbance required for improved access roads. |mproved roads
would be constructed for some areas in rugged terrain and for non-CBM opera-
tions. Improved roads require a greater area of disturbance per mile of road and
provide a greater degree of contrast between the road and the surrounding vegeta-
tion than two-track roads. Access roads would be visible primarily in the fore-
ground zones. The visual impact of each road can be lessened by aigning the
road with the contours of the topography instead of cutting across the contours to
the well pad, particularly on slopes. However, this method of aligning the roads
may result in a greater area of disturbance. All roads constructed for the Project
would be removed and reclaimed, unless specifically requested by the landowner
or county.

The gas-gathering and water-gathering pipelines would be buried adjacent to ex-
isting and new road ROWSs. The combined ROW of each road and pipeline
would vary according to the type of pipeline installed along the road. Installation
of the pipeline would avoid trees, where practicable, and brush and woody vege-
tation would be left in-place and driven over so that it is potentialy capable of
redeveloping a vegetative canopy. Reclamation would begin immediately after
burying the pipeline. There would be no long-term effects to the landscape once
pipelines are installed and reclaimed.
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Aboveground electric distribution lines would connect wells and compressor sta-
tions with the existing transmission and distribution system within the Project
Area. Electricity would be routed to facilities along the access roads or on addi-
tional ROWSs (30 feet wide) across open land. Construction of power lines would
follow access road devel opment and coincide within the completion of well drill-
ing. Power lines typically would be installed on 35-foot poles, which would be
required approximately every 300 feet. Approximately 5,311 miles of above-
ground power lines would be installed in the Project Area. The pole structures
would introduce straight, vertica lines and color contrasts. The effects from the
introduction of these elements into the landscape can be noticeable when viewed
from sensitive viewpoints when structures are visible in scenic landscapes and
when structures are skylined.

Each compressor station would be lit at night with 250-watt, clear lamp lights.
Each light would be mounted on a pole or building and directed downward to
illuminate the facility while minimizing the amount of light projected outside the
facility. This type of night lighting would minimize the night shine from each
facility. However, the stations would be visible at night to residents in nearby
residential areas, isolated residences, or travelers on highways and local roads.

Produced water from CBM wells would be discharged by five methods: surface
discharge at outfalls, containment in large upland evaporation reservoirs, spread
on the land surface at LAD sites, or injected at an injection well facility site. The
proposed water handling methods would disturb atotal of 32,685 acres of surface
land. Nearly half of the disturbance would occur from infiltration impoundments
(45 percent). Water disposa at infiltration impoundments, containment reservoirs
or LADs would result in modifications to the surrounding landscape at the dis-
posal sites. Surface discharge in some areas may cause a red surface staining
from iron oxidation where water is retained at the discharge point long enough
for oxidation to occur before surface discharge. The impact to the landscape
would be limited in areas where these conditions would occur.

Each infiltration impoundment would consist of a shallow impoundment that
would encompass an average of 6 acres, with an average dam height of 13 feet.
Impoundments would be located in upland and bottomland areas. A total of
14,566 acres would be disturbed by infiltration impoundments, primarily in the
Upper Powder River, Upper Cheyenne River, Crazy Woman Creek, and Upper
Tongue River sub-watersheds. The mgjority of these areas are inventoried with
VRM Class IV. The sites would have a low profile and would not be easily visi-
ble in the middleground and background zones from viewpoints at similar or
lower elevations. The average 13-foot height of the dams would be the most visi-
ble feature of the impoundments, as the top of each dam would appear as a hori-
zontal, linear form that would contrast with the natural terrain. Evaporation atom-
izers would be placed on towers that are likely not more than 40 feet in height,
and would appear as a weak vertical contrast with the surrounding terrain. The
spray from atomizers would be visible in foreground distance zones, but would
be indistinct in middle ground to background zones. Infiltration impoundments
would be obvious in the foreground zone as seen from nearby roads and resi-
dences. Setting the impoundments back from roads, leaving a buffer zone of to-
pography and vegetation, would mitigate the visual intrusion
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LAD sites would contain all water discharged over the life of 40 wells, affecting
1,780 acres of land surface (5.4 percent of total acres disturbed by water handling
methods) in the Project Area. Each LAD site would be comprised of four 16-acre
LAD areas. The LAD siteswould be located in relatively flat terrain to minimize
off-site drainage and earth-moving activities. The sites would have a low profile
and would not be easily visible in the middleground and background zones from
viewpoints at similar or lower elevations. The evaporation atomizers placed on
towers would constitute a weak linear visual intrusion. LAD sites would be obvi-
ous in the foreground zone as seen from nearby roads and residences. Setting the
LAD sites back from roads, leaving a buffer zone of topography and vegetation,
can mitigate the visua intrusion. LAD sites would be located near containment
reservoirs, which would provide temporary storage for those time periods that the
LAD site is not operational. In addition, the reservoirs would store water meant
for LAD applications. The water disposed of at LAD sitesis of aquality not suit-
able for surface discharge. Land application of this water would result in modifi-
cations to the existing vegetation, providing some contrast with existing vegeta-
tion.

The proposed containment reservoirs would affect approximately 2,247 acres.
The average disturbed area for each reservoir would be 100 acres. The disturbed
area is comprised of the surface area of each reservoir, the dam, and diversion
ditches. Reservoirs would be constructed in upland areas, away from drainages,
floodplains, and gravelly terraces. These areas are generally outside of the
viewsheds of most transportation routes and communities in the Project Area. In
general, the upland locations of reservoirs could result in additiona disturbances
from earth-moving activities and extensive diversion ditches. Those LAD sites
that would be located near reservoirs in upland areas would also require more
earth-moving activity than those located in flatter terrain, resulting in greater dis-
turbances to the character of the landscape.

BLM Lands

A total of 5,613 CBM wells distributed on 3,461 well pads are proposed for BLM
surface ownership in the Project Area, accounting for 14.3 percent of the 39,367
new CBM wells proposed for the Project Area. The BLM has inventoried all
lands within the Project Area with the VRM system. However, only lands
administered by the BLM are managed with VRM objectives. Although proposed
CBM wells on state, private, and Forest Service lands are not managed for
BLM’s VRM objectives, the inventory provides an assessment of the existing
scenic quality and the ability of these lands to absorb effects to the landscape
from devel opment activities.

Table 4-97 summarizes al proposed CBM wellsin the Project Area proposed for
Alternative 1 by sub-watershed and VRM Class inventory. The disturbance acres
for well pads include the disturbance associated with ancillary facilities con-
nected to the pads, such as roads, pipelines, and power lines. Water handling fa-
cilities, such as LADs and containment reservoirs, may be located on BLM lands,
but specific locations by VRM Class are unknown.
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There are 4,530 wells and 35 compressors proposed for BLM lands managed
with VRM Class |V objectives. Most of the remaining wells and compressors are
located on private lands and a small number are on state and Forest System lands.
Lands inventoried with VRM Class IV account for most lands within the Project
Area. Most CBM wells proposed for these lands are within the Upper Powder
River sub-watershed. Class IV objectives provide for major modification to the
landscape and allow management activities to dominate the landscape. The con-
struction and operation of each well and the ancillary facilities would be consis-
tent with VRM Class IV objectives. Conseguently, none of the disturbed acreage
would be displaced from the existing BLM inventory of lands managed with
VRM Class IV. The proposed facility developments would be consistent with
management objectives.

There are 3,939 wells distributed on 417 well pads and three compressor stations
proposed for BLM lands managed with VRM Class |11 objectives. Class |11 lands
in the Project Area are located primarily along major transportation routes and
recreation areas. Class |11 objectives are to provide for management activities that
may contrast with the basic landscape elements, but remain subordinate to the
exigting landscape character. Implementation of this alternative along highways
and in areas not currently developed with CBM wells would change the existing
rural landscape to a rural/industrial landscape primarily because the 40- to 80-
acre spacing of the wells would result in a noticeable density of industrial facili-
ties. There is potential that Class 111 objectives would not be met because the fa-
cilities would not be subordinate to the existing landscape character. BLM objec-
tives for some Class Il facilities would be met if every attempt were made to
minimize adverse visual effects through careful location of facilities, minimal
disturbance of the site, and painting of facilities so they harmonize with the col-
ors of the surrounding landscape.
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Table 4-97 Proposed Wellsand Well Padsin VRM Classes by Sub-water shed in the Powder River Basin Project Area
Classl! Classll| Class |V ClassV Total
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Sub-Watershed &Iz & JB88% £2 & 288 £2 & JB88% &2 & 2868 F2 F&a 288
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 163 54 124 358 192 439 2,068 892 2,040 0 0 0 2,589 1,138 2,602
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0 0O o 0 0 0 0 0
Upper Powder River 782 448 7,157 2,634 1,461 23,339 15551 9,933 158,676 0 0 0 18967 11,842 189,171
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 37 37 14.3 0 0 0 37 37 143
Crazy Woman Creek 0 0 0 414 397 1,437 2,506 1,500 5,429 0 0 0 2,920 1,897 6,866
Clear Creek 187 185 736 907 540 2,150 2,659 1,861 7,409 0 0 0 3,753 2,586 10,296
Middle Powder River 0 0 0 0 0 0 958 465 384.6 0 0 0 958 465 385
Little Powder River 0 0 0 25 18 84 1,810 1,077 5,000 200 170 790 2,035 1,265 5,873
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 91 83 1,342 1,553 1,368 22,117 0 0 0 1,644 1,451 23,459
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 0 0 487 487 355 46 46 34 533 533 388
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 752 644 5084 5,046 4,005 31,617 133 134 1,058 5,931 4,783 37,759
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 1,132 687 8,017 5,181 3,335 33,874 32,675 21,625 23,3042 379 350 1,881 39,367 25,997 276,813

Note: Disturbance acres for well pads include the disturbance associated with ancillary facilities such as roads, compressors, and transmission lines. Totals may not match precisely with values obtained
by adding unit numbers or with distributions of pads and wells presented in Chapter 2 due to rounding conventions.
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There are 317 wells and two compressor stations proposed for BLM lands man-
aged with VRM Class Il objectives. None of these wells would be in the Class 11
lands in the western part of the Project Area at the base of the Big Horn Moun-
tain. All 317 wells would be within the Class Il areas along portions of Interstate
90 and State Highway 14.

The VRM Class Il objective is to retain the existing character of the landscape.
The level of change to the characteristic landscape should be low and not attract
the attention of the casua observer. Many of the CBM wells on BLM lands
would be visible to travelers on Interstate 90 and State Highway 14. All of the
wells proposed for these areas are within the foreground distance zone (up to
three miles) of the viewshed as seen from the highways. The Proposed Action
would change the existing rural landscape to a rural/industrial landscape primar-
ily because the 40- to 80-acre spacing of the wells would result in a noticeable
density of industrial facilities. The Class Il objectives would be met if mitigation
measures were used to maintain the existing character of the landscape, and not
attract the attention of the casual observer. In order to achieve this objective,
mitigation must repeat the basic elements of form, line, color, and texture found
in the natural features of the landscape within the foreground distance zone. Suc-
cessful mitigation in the foreground distance zone would include locating facili-
ties to utilize the terrain and vegetation to screen them from the highways. If the
implementation of mitigation measures would not enable facilities to meet Class
Il objectives, one of the following two options must be implemented to comply
with BLM management objectives: 1) the facilities would be relocated to a site
outside of the VRM Class Il areaon BLM lands; and 2) the BLM RMP would be
amended to change the affected VRM Class Il areasto VRM Class 111 areas.

There are three CBM wells and one compressor station proposed for BLM lands
inventoried with VRM Class V. The proposed facilities on BLM lands would be
consistent with BLM management objectives for VRM Class V areas, which
provide for areas where the natural character has been drastically atered.

The Buffalo Field Office has developed a management decision to implement the
management objective of maintaining or improving scenic values, visua quality,
and establish visual resource management priorities in conjunction with other
resource values. Visual resources are to be managed in accordance with objec-
tivesfor VRM classes that have been assigned to the planning area, which consti-
tutes most of the Project Area. No activity or occupancy is allowed within 200
feet of the edge of state and federal highways. Facilities or structures such as
power lines, oil wells, and storage tanks are required to be screened, painted, and
designed to blend with the surrounding landscape except where safety indicates
otherwise. Any facilities or structures proposed in or near WSAs would be de-
signed so as not to impair wilderness suitability.

BLM lands in the Fortification Creek WSA and the Fortification Creek SMA are
inventoried with VRM Class I11. The WSA has an NSO for mineral development.
The Fortification Creek SMA, which encompasses the WSA, has a CSU stipula-
tion to protect scenic values. Proposed facilities in the SMA must meet Class 111
objectives to protect scenic values. There is potentia that Class Il objectives
would not be met because the facilities would not be subordinate to the existing
landscape character. BLM objectives for some Class |11 facilities would be met if
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every attempt were made to minimize adverse visua effects through careful loca
tion of facilities, minimal disturbance of the site, and painting of facilities so they
harmonize with the colors of the surrounding landscape. No facilities are pro-
posed for the WSA because of the NSO, however, to ensure the scenic integrity
of the WSA, a buffer that excludes any CBM development should separate the
WSA from the surrounding SMA.

The Cantonment Reno and Weston Hills Recreation Area are inventoried with
VRM Class IV. No project facilities are proposed for location within these two
SMAs. Indirect effects to recreational uses of the SMAs would occur because
landscapes outside of these areas would be modified by the addition of project
facilities, which would affect the recreational experience of visitors to the SMAs.
CBM wells proposed for lands adjacent to the Cantonment Reno and Weston Hill
Recreation Area would be visible to viewers in the areas. BLM Class IV objec-
tives for the SMAs and adjacent lands would be met.

Long-term visual effects would be minimized by designing permanent structures
to harmonize with the surrounding landscape to the extent feasible, recontouring
and revegetating disturbed areas no longer needed for operations as soon as prac-
ticable, and by reshaping straight edges of clearings resulting from roads, pipe-
lines, well pads, and compression facilities to create irregular or indistinct edges.
Construction debris would be removed immediately because it creates undesir-
able textural contrasts with the landscape. In addition, resource protection meas-
ures proposed for erosion control, road construction, rehabilitation and revegeta-
tion, and wildlife protection would be implemented during the approva of APDs
and Sundry Notices. These measures also would mitigate effects to visual qual-

ity.

Forest Service (Thunder Basin National Grassland)

There are 437 wells distributed on 397 well pads proposed for federal lands ad-
ministered by the Medicine Bow National Forest within the Thunder Basin Na-
tional Grassland. Most of the federal lands on that portion of the TBNG that is
within the Project Area are managed with the SIO of Low. A small portion of the
TBNG within the Project Areais managed with the SIO of Moderate. The TBNG
lands managed with Moderate SIO are along Antelope Creek or are in an area
outside of the coal boundary. No wells are proposed for TBNG lands managed
with the SIO of Moderate. All of the proposed 437 wells are on TBNG lands
managed with the Low SIO.

Scenery Management guidelines for the TBNG are to manage activities to be
consistent with the SIOs and to rehabilitate areas that do not meet the SIOs speci-
fied for the management area. Visual management objectives for SIOs are asso-
ciated with desired landscape character for each management area and are based
on the intent of the management area direction. Facilities are proposed for three
of the seven management areas within the Project Area. Management Areas 3.68
(Big Game Range) and 6.1 (Rangeland with Broad Resource Emphasis) on which
facilities are not managed with goals for a desired condition for scenic values.
The SIO for these areas is Low. Few facilities are proposed for these areas. The
majority of wells and ancillary facilities are proposed for Management Area 8.4
(Mineral Production and Development). The desired condition for landscapes in
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this management areais that facilities and landscape modifications can be visible,
but are reasonably mitigated to blend and harmonize with natural features.

State and Private Lands

There are 2,744 wells distributed on 1,739 well pads and 14 compressor stations
proposed for State lands in the Project Area. Mineral leases administered by the
Wyoming Office of State Lands and Investments do not include guidance on the
management of visual or scenic resources on state-owned lands in the Project
Area. According to rules and regulations of the Board of Land Commissioners,
upon completion of operations on state lands, all related disturbances on state
lands must be reclaimed to leave the land in as near as practicable to the original
condition of the land before operations.

Most of the proposed facilities would be located on private lands. There are
30,573 wells (77.8 percent of total proposed wells) distributed on 20,400 well
pads (78.5 percent of proposed well pads) and 126 compressor stations (68 per-
cent of total number of compressor stations) proposed for private lands in the
Project Area. The majority of effects to the landscape would occur on private
land because most wells are located on private land and most of the land within
the viewsheds of communities, rural residential areas, and transportation routesis
private land.

Counties

The Sheridan County Growth Management Plan identifies the need for an inven-
tory of exigting resources, including scenic resources, and the utilization of this
information in the review and evaluation of proposed developments. Currently no
procedure or ordinance exists that provides for evaluation and review.

The Comprehensive Planning Program jointly developed by the City of Gillette
and Campbell County recommends that landscaping should be developed into the
buffer zones where industrial areas are located adjacent to residential areas.
There are numerous CBM wells proposed for lands adjacent to residentia areas
in subdivisions located outside of the Gillette municipa boundaries.

Non-CBM Development

The moderate level of conventiona oil and gas development as evaluated under
the BLM’s RFD scenario projects the drilling and completion of 3,000 non-CBM
wells within the Buffalo Field Office's portion of the Project Area over the 10-
year period. Surface disturbances required for conventional wells are greater than
those required for the new CBM wells as described earlier in this section. Short-
term surface disturbances for well pads and associated improved access roads
range from 0.5 acres for shallow gas wellsto 5.5 acres for atypica deep oil well.
Long-term disturbances would encompass about 82 percent of the origina dis-
turbance.

Non-CBM facilities consist of pump jacks, in contrast with CBM facilities,
which consist of a wellhead contained in a metal box. The components with the
highest potentia to adversely affect the surrounding landscape character are the
well pad clearings, the improved access roads, and the pump jacks. The operation
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of the proposed facilities would introduce new elements of form, line, color, and
texture into the landscape; would essentially dominate foreground views; and
would be obvious in middleground and background views. Effects would be
similar to those described for CBM well facilities; however, each well pad and
associated access road would disturb alarger number of acres.

The aignment of individual pump jacks with respect to viewing areas, such as
residential areas, individual residences, and transportation routes, should be re-
viewed during the pre-installation phase of well development. In general, each
pump jack should be aligned parallel to aroad unless it has been determined that
this type of alignment is not feasible. Facilities would be the most visible to trav-
elers on the road during that period of time when the facility is within the line of
sight as they travel towards the facility. Aligning pump jacks parallel to roads
would present travelers with a smaller surface area as the traveler approaches the
facility. In addition, pump jacks with the lowest possible profile should be used
when feasible.

Alternative 2

Alternative 2 differs from Alternative 1 in the distribution of produced water
among the methods for handling produced water, and the compression of gas.
Alternative 2A emphasizes the use of infiltration impoundments to dispose of
produced water, while Alternative 2B emphasizes the use of passive and active
trestments. The number and distribution of CBM and non-CBM conventional
wellsis the same as evaluated for the Alternative 1. The impacts to the character-
istic landscape from the development of CBM well and the ancillary facilities
other than facilities for handling produced water is identical to those described
for the Alternative 1.

Alternative 2A or Alternative 2B would result in the disturbance of more surface
acres (39,367 acres) than Alternative 1 or Alternative 3. For both Alternatives 2A
and 2B, the largest disturbances would occur from infiltration impoundments
(32,253 acres under Alternative 2A and 23,446 acres under Alternative 2B). The
operation of infiltration impoundments under Alternative 2A would affect 121
percent more surface land that impoundments proposed for Alternative 1. Alter-
native 2B would affect 61 percent more surface land that Alternative 1. The im-
pact to the visual quality of the landscape is substantially larger from Alternatives
2A or 2B than for the proposed Alternative 1. The impoundments would be |o-
cated outside of transportation corridor and residential area viewsheds, and
would primarily affect lands inventoried with VRM Class 1V.

Under Alternatives 2A and 2B, LAD sites would affect 6,296 acres of land in the
Project Area, an increase of 254 percent over the LAD sites proposed for the
Proposed Action. The containment reservoirs would affect approximately
2,583 acres under Alternative 2A or 2,148 acres under Alternative 2B. Alterna-
tive 2A would be an increase of 14.9 percent over the Proposed Action, primarily
within VRM Class IV areas. Alternative 2B would be a decrease of four percent
from the Proposed Action. The large increase in LAD sites over the Proposed
Action would result in larger areas of modified vegetation as described for the
Proposed Action. The number of acres disturbed by containment reservoirs
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would not be substantially different from the Proposed Action, and would result
inasimilar level of visua impact. The effects of injection wells and surface dis-
charge to the landscape would be minor. A total of 39,367 acres would be af-
fected from these water-handling methods proposed for Alternative 2A or Alter-
native 2B, which is more than 20 percent greater than the total 32,685 acres that
would be affected under the Proposed Action.

Alternative 3

Under the No Action alternative, there would be no CBM development on fed-
eral leases within the Project Area. Federa leases are located on private as well
as federal lands. Development would continue on State and private leases. A total
of 15,458 CBM wells would be developed on State and fee leases. The No Ac-
tion aternative includes all of the effects to visual resources described for Alter-
native 1, but differs from Alternative 1 in the number of wells to be developed,
the acres of land to be disturbed temporarily or removed from existing uses dur-
ing the life of the Project, and the volume of water to be produced from CBM
wells. The effects to the characteristic landscape from the No Action alternative
would considerably less than those described for the Proposed Action because
15,458 CBM wells proposed for State and fee mineral leases is approximately
39 percent of the total 39,367 new CBM wells under the Proposed Action. Table
4-98 summarizes the long-term disturbance by VRM Class for each sub-
watershed. Although proposed CBM wells on state and fee lands are not man-
aged for BLM’s VRM objectives, the inventory provides an assessment of the
existing scenic quality and the ability of these lands to absorb effects to the land-
scape from devel opment activities.

Because there are fewer wells proposed for the Project Area, there would also be
a considerably smaller number of facilities proposed for the distribution of pro-
duced water under the No Action alternative. LAD sites would affect 808 acres
of land in the Project Area, a decrease of 55 percent from the LAD sites proposed
for the Alternative 1. The containment reservoirs would affect approximately
2,159 acres, a decrease of 58 percent from the Alternative 1. The effects of injec-
tion wells and surface discharge to the landscape would be minor. A total of
15,458 acres would be affected from al water-handling methods proposed for
this alternative, which is about 83 percent less than the total 32,685 acres that
would be affected under the Alternative 1.

Cumulative Effects

The cumulative well development scenario is comprised of the 39,367 wells un-
der the Proposed Action and 12,077 CBM well already drilled or permitted
within the Project Area. Table 4-99 summarizes the long-term disturbance by
VRM Class for each sub-watershed.
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Table4-98  Alternative3Welsand Well Padsin VRM Classes by Sub-Watershed in the Powder River Basin Project Area

Class |l Classlll Class 1V ClassV Total

. - - - 5.3 B
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53 54 PBS S 5% PES 53 5% PES 53 5% PES ©s TEg PR
Sub x=s £ Sa8 £ && S58 &£32 £ Sa8 £2 g8 Sa8 RB= |—ri§ Sas

-watershed

Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 130 a4 101 345 189 432 1,683 740 1,692 0 0 0 2158 973 2,225
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Powder River 146 93 1486 661 390 6230 3,629 2,356 37,636 0 0 0 4436 2839 45352
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 19 19 7 0 0 0 19 19 7
Crazy Woman Creek 0 0 0 183 183 662 751 446 1,614 0 0 0 934 629 2,277
Clear Creek 120 114 453.9 841 506 2015 1527 1,120 4,459 0 0 0 2488 1,740 6,928
Middle Powder River 0 0 0 0 0 0 201 97 80 0 0 0 201 97 80
Little Powder River 0 0 0 14 9 41.8 800 509 2,363 145 134 622 959 652 3,027
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antel ope Creek 0 0 0 40 32 517 563 494 7,987 0 0 0 603 526 8,504
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 0 0 236 236 172 24 24 17 260 260 189
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 574 502 3963 2,705 2184 17,241 121 121 955 3,400 2,807 22,160
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 396 251 2,040 2,658 1,811 13,862 12,114 8,201 73,251 290 279 1595 15458 10,542 90,748

Note: Disturbance acres for well pads include the disturbance associated with ancillary facilities such as roads, compressors, and transmission lines. Totals may not match precisely with values obtained
by adding unit numbers or with distributions of pads and wells presented in Chapter 2 due to rounding conventions.
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Table4-99  Cumulative and Well Padsin VRM Classes by Sub-Water shed in the Powder River Basin Project Area

Class || Class|l| Class IV ClassV Tota

. 5.z 20z 5.z 5.3 ;
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Sub-watershed &I a0 288 &2 & 288 &2 & 288 &2 & 2868 2 Fada 288
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Tongue River 486 190 434 444 247 565 2,474 1,098 2,511 0 0 0 3,404 1,535 3,510
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Powder River 964 581 9,282 2,831 1,623 25927 17,980 11,891 189,954 0 0 0 21,775 14,095 225,162
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salt Creek 0 0 0 0 0 0 37 37 14 0 0 0 37 37 14
Crazy Woman Creek 0 0 0 540 443 1,604 2,530 1,518 5,495 0 0 0 3,070 1,961 7,098
Clear Creek 199 192 764 1,141 678 2,700 2,802 1,943 7,736 0 0 0 4,142 2,813 11,199
Middle Powder River 0 0 0 0 0 0 1,685 899 744 0 0 0 1,685 899 744
Little Powder River 0 0 0 37 31 144 3,373 2,175 10,098 438 360 1,672 3,848 2,566 11,913
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Antelope Creek 0 0 0 92 8 1,358 1,805 1,618 26,159 0 0 0 1,897 1,702 27,517
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Cheyenne River 0 0 0 0 0 0 920 860 626 67 62 45 987 922 671
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper Belle Fourche River 0 0 0 1,261 1,134 8,952 9,160 7,749 61,174 172 170 1,342 10,593 9,053 71,468
Middle North Platte Casper 0 0 0 0 0 0 6 0 0 0 6 1 6 6 1
Tota 1,649 963 10480 6,346 4,240 41,249 42,772 29,788 304,509 677 508 3,060 51,444 35589 359,298

Note: Disturbance acres for well pads include the disturbance associated with ancillary facilities such as roads, compressors, and transmission lines. Totals may not match precisely with values obtained
by adding unit numbers or with distributions of pads and wells presented in Chapter 2 due to rounding conventions.
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The cumulative effect on the landscape would consist of existing, permitted, and
proposed CBM development on federal, State and private lands in the Project
Area, and existing, proposed, and reasonably foreseeable coa mining in the Pro-
ject Area. The cumulative effect of all existing and proposed development would
result in alarger number of disturbed acres from well pads and access roads that
may be visible from transportation routes and recreation areas. Ongoing CBM
development on federal, State, and private lands would increase the industria
character of those areas that include considerable modification from other oil and
gas activities and from coa mining, and change the visua character of the pre-
dominantly rural landscape in much of the Project Areato rural/industrial.

A principal visual effect in the eastern part of the Project Area and near the city
of Sheridan is the visibility of coamine pits and facility areas. However, anyone
likely to see these facilities would either be passing through the area or visiting
on related business. After mining, the reclaimed slopes might appear somewhat
smoother than pre-mining slopes and there would be fewer gullies than at pre-
sent. Even so, the landscape of the reclaimed mines would look very much like
undisturbed landscape in the area. Except from the air, energy development ac-
tivities, including CBM development, are not visible from more than afew miles

away.

Recreational Resources

The potential effect of the construction and operation of the proposed facilities on
recreational resources is related to how much recreational opportunity is being
created by the Project versus how much opportunity is being lost for recreationa
pursuits. Local residents value the federal lands for recreational activities because
of the proximity to their homes and the relative solitude that can be achieved
within a short distance from their homes. The recreational issue identified in the
scoping process is the effects of the additional development of oil and gas re-
sources on recreational opportunities and the recreational experience.

Alternative 1

The Proposed Action would be constructed and operated on federal, State, and
private lands. The primary effect of the CBM development on recreational oppor-
tunities would be the alteration of the recreationa experience on federal and State
lands used for hunting. To some degree, additional development of oil and gas
resources would alter the existing recreational setting and experience. The Pro-
ject Areais predominantly rural in character with some industrial-type modifica-
tions from existing wells.

Direct effects to recreation occur when recreational opportunities are enhanced,
limited, or curtailed within an area; when recreational uses are created, displaced,
or eliminated by proposed CBM facilities; or if federal, state, or county objec-
tives for recreation cannot be met. Effects to recreational resources occur if rec-
reational facilities undergo substantial change or degradation.

Direct effects to recreational uses in the Project Area would occur because addi-
tional wells would add new industria features to the landscape and new sources
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of noise that could diminish the recreational experience and affect the rural ambi-
ence sought by recreationists. The construction and operation of the proposed
facilities also could affect recreational activities by changing access opportunities
and by directly disrupting recreational activities. New roads would provide ac-
cess for vehicles and promote an increase in human activity. Additiona devel-
opment could adversdly affect hunting, viewing of wildlife, and fishing. Devel-
opment of certain facilities, such as reservoirs for impounding produced water,
could enhance some wildlife-related recreational opportunities by providing areas
for viewing wildlife, hunting waterfowl, or public fishing.

Indirect effects to recreation would occur if the Project resulted in a change in the
level of visitation to the area or if the Project would affect growth in the affected
counties, thereby changing the utilization of existing recreationa facilities and
uses. No developed recreation sites would be impacted by the Proposed Action.
Therefore, visitation to these sites would not be affected by the Proposed Action.
Hunting may be affected in some game management units. The Project is not
expected to affect the level of visitation and population growth in the counties. It
is anticipated that the existing workforce would be sufficient to provide adequate
personne for the construction and operation of proposed CBM facilities; there-
fore, there would be no growth in population from in-migration and no increase
in the demand for recreation opportunities.

Construction Disturbance

Short-term effects to recreation within the Project Area would result from all
phases of the construction process. Activities associated with the installation of
the proposed wells, including construction of roads, pipelines, power lines, and
other ancillary facilities, would ater the use of affected roads for the duration of
construction activities. Construction activities can be expected to occur over a
period of 10 years over the entire Project Area. It is anticipated that the annual
construction period would be seven days per week over the entire year, or 365
days, depending on weather and soil conditions. During this period, there would
be disturbance to the existing landscape character, and noise and dust from con-
struction activities. These activities would potentially conflict with recreationa
uses because they would be visually and audibly apparent to the recreational ex-
perience. The effects to the existing land uses from drilling are site specific and
would occur at specific locations for no more than three days per drill site
throughout the 10-year drilling period. Some sites would be reclaimed back to
the permanent disturbance areas prior to construction at other sites.

In addition to the disturbances created by construction on the site, there would be
traffic associated with moving equipment over public highways and local roads.
Traffic-related effects are evaluated in the Transportation section. Access roads
would be constructed to connect CBM facilities with highways and local roads.
A total of 17,276 miles of improved roads and two-track roads would be con-
structed in the Project Area. Road construction is expected to average one day
per mile, or atotal of approximately 17,276 days. The construction would occur
over the ten-year period as required to access wells. Recreationists would en-
counter road construction over the entire year at specific locations within the Pro-
ject Area. The loss of solitude and the natural experience would affect local users
in the particular area of construction.
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Pipeline installation along existing road rights-of-way is likely to inconvenience
recreationists who use the roads to gain access to recreationa activities in the
area. Construction activities would also limit recreational use of existing roads
and trails, as well as degrade the visual quality of the recreational experience.
The loss of solitude along these roads would continue through the construction
period. Road access islikely to be restored to existing uses within a few daysto a
few months, once construction or installation activities have been completed. The
recreational opportunities for local residents in close proximity to proposed ac-
tivitieswould be altered during the construction period.

Project construction would result in increased noise levels from heavy equipment
in surrounding areas. Construction-related noise could reduce the quality of the
recreational experience in general. However, construction-related increases
would be short-term and with the exception of blasting, generally restricted to the
immediate vicinity of the work. Noise from blasting would be sporadic and of
short duration. There are potential long-term increases in noise levels from the
operation of the compressors.

The general season dates for big game hunting (all types of big game in all units)
occur from late September/early October through late November. The hunting
season would be affected by construction activities for the ten-year construction
period, but only at specific |ocations where construction activities are schedul ed.

Permanent Disturbance

Long-term effects to developed and dispersed recreational uses of the Project
Area would occur as the displacement of acreage from existing uses by proposed
CBM facilities. The primary effects would be an ateration of the recreational
experience for residents and visitors to the Project Area. Recreational activities
displaced by project facilities are likely to add increased use on adjacent federal
and State lands.

Dispersed Recreation

Dispersed recreationa opportunities in the affected counties include hunting,
fishing, sightseeing, and camping. Dispersed recreation, with the exception of
hunting, is not a primary use of most federal, State or private lands that are
within the coal boundary of the Project Area. There is expected to be little
change in existing levels of dispersed recreationa activities on federal and State
lands in most of the sub-watersheds within the Project Area as a result of CBM
development under the Proposed Action. Existing levels of recreational activity
are expected to continue on these lands. Most of the proposed activity would oc-
cur in the Upper Powder River, Little Powder, and Upper Belle Fourche sub-
watersheds.

Hunting is the principal recreationa activity on federal, State, and private lands
in the Project Area. The acreage removed from wildlife habitat by project facili-
ties under the Proposed Action is not likely to adversely affect hunting and fish-
ing opportunities within the Project Area. Recreational hunting and fishing op-
portunities, which are controlled by landowners on private lands, may increase
locally within the Project Area, as populations of game animals and game fish
rise locally during the life of the Project, in response to increased availability of
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surface water and forage. However, increased access and human activity associ-
ated with CBM development may adversely affect wildlife populations that sup-
port various recreational activities.

Big game populations in big game management units west of 1-25 and in other
units outside of the coal boundary would not be affected by Project activities.
Units that would be affected contain portions of one or more sub-watersheds with
proposed CBM development. The largest effects to hunting would occur in the
Upper Powder, Upper Belle Fourche, Little Powder, Clear Creek, Antelope, and
Crazy Woman Creek sub-watersheds because most CBM development would
occur in these sub-watersheds. These sub-watersheds contain portions of ten an-
telope game units (56 percent of total antelope game units in the Project Area),
ten deer game units (45 percent of total deer game units), and two elk game units
(22 percent of total elk game units). Table 4-100 summarizes the number of par-
ticipating hunters, total hunter days, and non-resident hunters for the big game
management units that would be affected by the proposed CBM development in
the Project Area. A total of 12,866 active hunters or nearly 47 percent of the total
estimated 27,491 active hunters in the Project Area potentially would be affected
by the removal of wildlife habitat and the intrusion of project-related noise, dust,
and visual effects from the proposed CBM development in addition to positive
effects related to increased access and the potential rise in game and fish popula-
tions.

Table4-100 Big GameHuntingin the Powder River Basin Project Area,

2000

|

Hunter Percent
Game Active Totd Success Hunter Non-Resident Non-Resident
Unit Hunters Harvest (percent) Days Hunters Hunters
Antelope 4,292 3,907 91.0 10,512 3,276 76.3
Deer 8,347 5,158 61.8 27,695 4,449 53.3
Elk 227 152 67.0 715 31 13.7

Source: Wyoming Game and Fish Department, 2001

The development of roads and well facilities would result in greater physical ac-
cess to the Project Area and potentialy increase hunting pressures on wildlife.
However, a majority of this access would be not be available to the public be-
cause much of the surface within the Project Arealis privately owned.

Severa streams and lakes in the Project Area are used for year-round fishing by
local recreationists. All affected fishing areas are within sub-watersheds that
would be developed with proposed CBM facilities. Effects to fish and their habi-
tats are evaluated in the Wildlife section.

The operators have stated they would work with landowners in the Project Area
to enhance the use of the good quality, discharged water. This practice may pro-
mote the impoundment of discharged water and use for wetlands and/or fisheries
development. Given the potential quality of discharged water associated with the
Project in some sub-watersheds, it is reasonable to conclude that enhanced vege-
tation and increased water availability probably would have some beneficia ef-
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fects on fish and wildlife and their habitats and may enhance recreationa oppor-
tunities in the immediate vicinity of any reservoirs created. This would continue
until water production ceases. Water handling facilities would be constructed in
sub-watersheds with low water quality for produced water in order to prevent
potentially adverse effects on surface water and fish habitat.

Produced water from CBM wells would be discharged by four methods: surface
discharge at outfals, containment in large upland evaporation reservoirs, spread
on the land surface at LAD sites, or injected at an injection well. Effects to rec-
reation from the proposed 323 injection wells would be similar to those described
for CBM production well facilities. About 27 LAD sites occupying 1,728 acres
would result in large areas of modified vegetation. Development of LAD sites
would potentially have an adverse effect on wildlife, and consequently, hunting
opportunities in the affected sub-watersheds because the modified vegetation
may affect the quality of the wildlife habitats. There are 142 containment reser-
voirs occupying 19,880 acres proposed for upland areas. Containment reservoirs
would create opportunities for some wildlife-related recreational opportunities by
providing areas for viewing wildlife, hunting waterfowl, or public fishing. The
recreational experience also would be affected by the visual impact of the pro-
posed water handling facilities.

Developed Recreation Areas and Recreation Sites

There are no CBM facilities proposed for developed recreationa areas or recrea-
tional sites in the Project Area. Mogt of the developed recreational areas identi-
fied in Chapter 3 are located in the western part of the Project Area outside the
coal boundary. Special management areas that are on federal lands administered
by the BLM are discussed in the section evaluating effects to BLM management
of federal landsin the Project Area.

BLM Recreation Management

Some federal lands administered by the BLM in the Project Area that include
developed recreationa sites or recreational activities have specific resource val-
ues that put them under No Surface Occupancy (NSO) mitigation guidelines.
Lands managed with NSO include Recreation Areas, such as campgrounds, his-
toric trail, and national monuments, and special management areas, such as areas
suitable for consideration for wild and scenic rivers designation.

The BLM administers federal lands in the Middle Fork Recreation Area, the Red
Wall/Hole-in-the-Wall area, Outlaw Cave Recreation Site (or Cultural Areq),
Dull Knife Battlefield site, and the Gardner Mountain and North Fork Wilderness
Study Aresas. There would be no effects to recreational uses of these special man-
agement areas because they are located ten miles or more outside of the coal
boundary in the Middle Fork Powder Watershed. With the exception of the Mid-
dle Fork Recreation Area, these areas have NSO leasing stipulations for mineral
development. There would be no effects to the landscape within or near these
areas.

The Fortification Creek WSA and the Cantonment Reno, located in the Upper

Powder River sub-watershed, each have NSO for mineral development. The
Weston Hills Recreation Area, located in the Little Powder sub-watershed north
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of Gillette, does not have any NOS leasing stipulation. However, no project fa-
cilities are proposed for location within the Recreation Area. Indirect effects to
recreational uses would occur as landscapes outside of the areas would be modi-
fied by the addition of project facilities and would affect the recreational experi-
ence of visitors to these areas. CBM wells are proposed for lands adjacent to For-
tification Creek WSA and Weston Hill Recreation Area and would be visible to
viewersin the aress.

Private and State Lands

Recreation is not a significant use of most private lands in the Project Area. Most
developed recreation on private lands is municipa facilities in Project Area
communities. CBM facilities are proposed for private and State lands outside of
and adjacent to Gillette. Recreationa facilities that are located on these lands in-
clude the Cam-Plex and the Cam-Plex Park. The Cam-Plex facilities occupy
about 1,000 acres at the east side of Gillette, and include a theater, a convention/
exhibit hall, two large multi-purpose pavilions, rodeo grounds, RV campgrounds,
a horse race track, a 21-acre park, and picnic area. The development of CBM fa-
cilities would not be compatible with public use of these facilities.

Other recreationa facilities located near the municipal boundaries and near to
proposed facilities include the Dalby Memorial Park, the Country Club Golf
Course, and the Bell Knob Golf Course. These facilities would experience indi-
rect effects from the Project because the recreationa experience would be af-
fected by the sight and noise of CBM construction and operation. There are no
other recreational sites on private lands or within municipal boundaries that
would be affected by Project activities.

Developed recreational opportunities on State lands include big game hunting in
the Amsden Creek Winter Game Refuge and the Bud Love Wildlife Habitat
Management Area Both areas are managed with NSO leasing stipulations and
would not be impacted by Project activities.

Alternative 2

Alternative 2 differs from Alternative 1 in the distribution of produced water
among the methods for handling produced water and the compression of gas. The
numbers and distribution of CBM and non-CBM wells are the same as evaluated
for the Proposed Action. The effects to the developed and dispersed recreational
uses from the development of CBM wells and the ancillary facilities other than
facilities for handling produced water is identical to those described for the Pro-
posed Action.

Under Alternative 2, there would be 76 LAD dites in the Project Area, an in-
crease of 181 percent over the LAD sites proposed for the Proposed Action. The
proposed 117 containment reservoirs would be a decrease of 18 percent from the
Proposed Action. The large increase in LAD sites over the Proposed Action
would result in larger areas of modified vegetation as described for the Proposed
Action. Development of additional LAD sites would potentially have an adverse
effect on wildlife and, consequently, hunting opportunities in the affected sub-
watersheds because the modified vegetation would affect the quality of the wild-
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life habitat. The smaller number of containment reservoirs would reduce the op-
portunities for some wildlife-related recreational opportunities relative to the op-
portunities resulting from the Proposed Action by providing areas for viewing
wildlife, hunting waterfowl, or public fishing. There would be a larger potential
for adverse impact to recreational opportunities in the Project Area from Alterna-
tive 2.

Alternative 3

Under the No Action alternative, there would be no CBM development on fed-
eral leases within the Project Area. Federa leases are located on private as well
as federa lands. Development would continue on State and private leases and
would include access and pipelines across federal lands to reach proposed State
and fee wells. There would be a total of 15,458 CBM wells developed on State
and private |leases. The No Action alternative includes all of the effects to recrea-
tional opportunities and the recreationa experience described for the Proposed
Action, but differs from the Proposed Action in the number of wells to be devel-
oped, the acres of land to be disturbed temporarily or removed from existing uses
during the life of the Project and the volume of water to be produced from CBM
wells. The effects to recreation are expected to be considerably less than those
described for the Proposed Action because a small number of facilities would be
developed and a small number of acres would be removed from existing uses.
Tables 2-29 through 2-32 summarize the facilities proposed for Alternative 3
and the short- and long-term disturbance for each sub-watershed.

Under Alternative 3, there would be 13 LAD sitesin the Project Area, a decrease
of 52 percent from the LAD sites proposed for the Proposed Action. The pro-
posed 68 containment reservoirs would be a decrease of 52 percent from the Pro-
posed Action. The Fewer LAD sites would result in smaller areas of modified
vegetation than described for the Proposed Action. There would be alesser effect
on wildlife than the Proposed Action. The smaller number of containment reser-
voirs would reduce the opportunities for some wildlife-related recreational
opportunities relative to the opportunities resulting from the Proposed Action by
providing areas for viewing wildlife, hunting waterfowl, or public fishing. There
would be a lesser potential for adverse effects to recreationa opportunities in the
Project Areafrom Alternative 2 than would occur from the Proposed Action.

Cumulative Effects

The cumulative effect of the development of roads and well facilities would be
improved vehicular access to the area. However, a mgjority of this access would
be not be available to the public since much of the surfaceis privately owned and
there are no recreational facilities.

The cumulative acreage likely to be affected long-term by production facilities
under the Proposed Action (approximately 6,514 acres) is not likely to have a
cumulative effect on hunting and fishing opportunities. Recreationa hunting and
fishing opportunities, which are controlled by landowners on private lands, may
increase locally within portions of the area, as populations of game animals and
game fish rise locally during the life of the Project in response to increased avail -
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ability of surface water and forage. This small cumulative enhancement of rec-
reational opportunities in the immediate vicinity of any reservoirs created would
be temporary and would last only as long as water production continues. Al-
though the Project is not expected to affect the level of visitation or growth in the
counties, recreation visitors may become accustomed to recreationa experiences
near ponds or flowing water over the life of the Project. Visitors would have to
accept anticipated reductions in surface water when water discharge ends.

Cumulative effects from the increased human presence associated with the cumu-
lative energy development in the PRB are likely to cause increased levels of legal
and illegal hunting. Conversely, the mines in the area have become refuges for
big game animals during hunting seasons since most are closed to hunting.

Energy development-related secondary effects to recreational land uses have and
would continue to result from human population growth. The demand for outdoor
recreational activities, including hunting and fishing, have increased proportion-
ately. However, at the same time these demands are increasing, wildlife habitat
and populations are being affected by increased surface disturbance.

Demand for hunting licenses may increase to the point that a lower success in
drawing particular licenses would occur; hunting and fishing may become less
enjoyable due to more limited success and overcrowding; poaching may increase;
the increase in people and traffic has and may continue to result in shooting of
nongame species and road kills, and increased off-road activities have and would
continue to result in disturbance of wildlife during sensitive wintering or repro-
ductive periods. Travel management during hunting season, including seasonal
road closures to the public, could disperse hunters throughout the area, reduce
hunting pressure in popular areas, and facilitate a more enjoyable experience for
hunters.

It is not anticipated that the Proposed Action and proposed CBM development on
State and private lands would result in any increase in population because the
proposed workforce would consist of local hires. However, the overall population
of Project Area counties may increase as a result of future coal mine develop-
ment and expansion of existing mines. CBM fields may continue to be developed
within the Project Area and may contribute to ongoing population growth. Any
future growth may contribute increased visitor use of the developed facilities.

Noise

The EPA (EPA, 1974) has established an average 24-hour noise level as the
maximum noise that does not adversely affect public health and welfare. No de-
finitive data has been established concerning noise levels that affect animals. No
laws concerning quantitative noise levels have been established by the State of
Wyoming or the BLM. Therefore, lacking any quantitative statutory guidelines,
noise levels above 55 dBA at a residence, school, medical facility, or a special
recreation area are considered a noise impact.
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Noise levels would be temporarily elevated above the genera rural background
noise of 35 to 40 dBA during the construction of facilities. Construction-related
noise would result from construction equipment, vehicle traffic, and drilling rigs.
However, activities at each drill site would occur for only one to five days during
the short drilling period. Therefore, well pad construction would not cause any
significant noise impacts. Construction related noise would last longer for the 60
to 90 days required to construct a compressor station or less for pipeline con-
struction. However, the noise from each construction site would be relatively
short-term and the individual sites would be sufficiently widespread so that ele-
vated noise levels from each site would not overlap in time or space with another
site.

The highest operational noise would occur around compressor stations. Under all
alternatives, two types of compressor engines would be installed. Small booster
compressor engines rated at 350 horsepower would be operated to gather natural
gas from wells to the larger compressor stations. A maximum of six booster
compressor engines could be operated at any location. At the larger compressor
stations, large reciprocating engines rated at 1,650 horsepower would be installed
to facilitate transmission of natural gas to high-pressure transmission pipelines.
Typically, three or six of the larger engines would be installed at any location.

Noise has been measured at typical compressor units (USGS, 1981). A noise
level of 77 dBA from one large compressor engine can be expected at 50 feet
from a compressor building since all compressors would be installed in enclosed
buildings because of the harsh Wyoming winter weather. Noise from the smaller
booster compressor engines would be dlightly lower or approximately 73 dBA at
50 feet.

The effect of multiple noise sources is not arithmetically additive, but rather is a
logarithmic addition. The total effect of multiple co-located noise sources is
characterized by the following relationship (Harris, 1991):

L =10* LOG (10"Y° + 10" + ........ +10-"10)

where: L1, L2, ..., Ln are the source sound levels of individual collocated
SOUrces.

L isthe overal noise level.
LOG isthe common logarithm base 10.

Therefore, the preceding equation is used to calculate the overall noise of six
large compressor engines operating simultaneoudy with a source noise of 77
dBA from each engine. The resultant overall source noise would be 84.8 dBA at
50 feet from the enclosure building. The overall noise from a compressor station
with three engines would be 81.8 dBA at 50 feet. For the smaller booster engines,
the overall noise would be 80.8 dBA at 50 feet for six engines, and 77.8 dBA at
50 feet for three engines.

To calculate the noise impact at a distance from the compressor station, the noise
levels were mathematically propagated using the Inverse Square Law of Noise
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Propagation (Harris, 1991). Briefly, this formulation states that noise decreases
by approximately 6 dBA with every doubling of the distance from the source.
This methodology is an accurate assessment of noise propagation and is repre-
sented as:

Lo=L;4- 20 |Og (Rz/R]_)
where:
L, = noise level at a selected distance R, from the source

L1 = noise level measured at a distance R; from the source.

The preceding equation was applied for the source noise for configurations of
three and six engines at a compressor station for both types of compressors.
Table 4-101 shows the noise levels at selected distances from the two types of
compressor engines with three- or six-engine configurations. The bolded noise
levels correspond to the approximate distance where the noise produced by the
compressor stations would be less than 55 dBA. As long as compressor stations
would be constructed at least this distance from existing residences, no signifi-
cant noise impact would occur at the residence. Compressor stations would have
to be constructed further from grouse leks to ensure noise from the stations
would be lessthan 49 dBA.

Table4-101 Predicted Noise Levelsfrom PRB Compressor Stations

Noise from 6 Noise from 3

Noise from 6 Noise from 3 Booster Booster
Distance Large Engines  Large Engines Engines Engines
(feet) (dBA) (dBA) (dBA) (dBA)
200 72.8 69.8 68.8 65.8
400 66.7 63.7 62.7 59.7
600 63.2 60.3 59.2 56.2
800 60.7 57.7 56.7 53.7
1,000 58.8 55.8 54.8 51.8
1,200 57.2 54.2 53.2 50.2
1,400 55.9 52.9 51.9 48.9
1,600 54.7 51.7 50.7 47.7
1,800 53.7 50.7 49.7 46.7
2,000 52.8 49.8 48.8 45.8

Socioeconomics

Alternative 1

Effects to the socioeconomic structure of Campbell, Converse, Johnson, and
Sheridan counties, including population, housing, and employment, resulting
from drilling and constructing ancillary facilities, such as roads and pipelines, are
expected to occur over a 10-year period under the Proposed Action. The socio-
economic effects resulting from CBM production activities are expected to occur
over the proposed life to the Project, about 20 years. The number of CBM wells
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are provided in Table 4-102 and the number of non-CBM wells are provided in
Table 4-103.

Table4-102 CBM WeéllsProposed by Mineral Owner ship

Number of Wells Number of Wells  Number of Wells

Drilled on Federal Drilled on State Drilled on Fee Totd
Campbell 13,448 1,018 6,834 21,300
Converse 114 20 42 176
Johnson 7,764 756 2,260 10,780
Sheridan 2,583 874 3,654 7,111
Totd 23,909 2,668 12,790 39,367

Table4-103 Non-CBM Wells Proposed by Mineral Owner ship

Number of Wells Number of Wells  Number of Wells

Drilled on Federa Drilled on State Drilled on Fee Total
Non-CBM Proposed by Mineral Ownership
Converse 120 9 71 200
Johnson 176 18 59 253
Sheridan 18 7 45 70
Tota 1,855 214 1,131 3,200

Most of the production is expected to occur in Campbell and Johnson counties.
For this reason, Campbell County and Johnson County are likely to be affected
by fiscal and social effects. Sheridan County also would have extensive effects
and all three counties would have a greater extent of effects than Converse
County. Most of the new wells (63 percent) and facilities would be constructed in
the two sub-watersheds, the Upper Powder River sub-watershed, which is within
approximately one-third of Campbell County and two-thirds of Johnson County,
and the Upper Belle Fourche sub-watershed, which is within Campbell County.
Other sub-watersheds with relatively high numbers of wells and facilities in-
clude: the north portion of Clear Creek and Upper Tongue River, which are
within Sheridan County; Crazy Woman and the south portion of Clear Creek,
which are within Johnson County; and Little Powder, which falls in Campbell
County. Most of the employees are likely to primarily reside in Gillette and
Wright, but employees also would live in Sheridan, Buffalo, and other smaller
communities within the Project Area.

Socioeconomic effects resulting from CBM development are a concern because
considerable energy-related development has occurred in and around the affected
counties during the past 30 years. Wyoming's economy has been structured
around the basic industries of extractive minerals, agriculture, tourism, timber,
and manufacturing. Many Wyoming communities depend on the mineral industry
for much of their economic well being. The 1999 assessed valuation on all min-
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erals produced in Campbell, Converse, Johnson, and Sheridan counties accounted
for 36.9 percent of the State of Wyoming's total assessed valuation (WDR 2001).
In the same year, assessed valuation on minerals produced in the State accounted
for 32 percent of the State's valuation (Powder River CBM Information Council
2001).

Several forecasts have been developed for future natural gas supply and demand
in the PRB. The State of Wyoming's Consensus Revenue Estimating Group
(CREG) develops mineral price and production forecasts for mgor mineral
commodities twice each year to estimate the State's anticipated revenues. Ac-
cording to the CREG, natural gas price projections have been increased signifi-
cantly over the short term. The estimated price was increased from $2.85 per
thousand cubic feet (mcf) to $3.50 per mcf for calendar year 2000, and from
$2.50 per mcf to 4.50 per mcf for calendar year 2001. Calendar year 2002 esti-
mates were anticipated to increase from $2.25 per mcf to $3.00 per mcf. The
long-term price estimate was held at $2.25 per mcf over the rest of the forecast
period (2006). The average price expected over the FY 2001 period (July 2000
through June 2001) was increased from $2.67 per mcf to $5.00 per mcf. Prices
are then expected to moderate, but till remain significantly higher than previ-
ously forecasted levels over the relative short term (Wyoming Division of Eco-
nomic Analysis 2001).

Natural gas production estimates were anticipated to increase dightly by 50 mil-
lion mcf per year over the forecast period for the State of Wyoming. Coal bed
methane production figures were revised from 135 million mcf to 145 million
mcf for 2000 production, from 190 million mcf to 175 million mcf for 2001, and
from 250 million mcf to 225 million mcf for 2002 (CREG 2001).

CBM production under the Proposed Action would be generated by the 12,077
wells approved or constructed before 2002 and the 39,697 CBM wells drilled
from 2002 through 2011. The revenue generated from the existing wells has al-
ready begun and those revenues are addressed in the cumulative effects. The as-
sessed sales value from new CBM and new conventional wells are described be-
low.

In January 2001, CREG estimated a natural gas price of $2.25 per mcf for the
period 2001 to 2006 (Wyoming Division of Economic Analysis 2001). This price
also was assumed for this analysis. Assuming each CBM well produces 400 mil-
lion mcf (DeBruin, Lyman, Jones and Cook 2001), each well would generate an
estimated $900,000 (constant 2001 dollars) total sales value. Using $2.25 per
mcf, Alternative 1 is expected to contribute a sales value of nearly $35.4 billion
(constant 2001 dollars) over the life of the Project to the local, State, regional,
and national economies.

Non-CBM (conventional oil and gas) under the Proposed Action would be gen-
erated by 3,200 conventional wells drilled by the end of 2011. The analysis as-
sumed the conventional wells produce 80 percent oil and 20 percent natural gas
(Crockett 2001). Also, for the purposes of this analysis, a $25.25 per barrel of
equivalent (BOE) over the life of the Project was assumed based on CREG esti-
mates between 2001 and 2006). The assumed production rate of conventional
wells, which average 137,500 BOE (Crocket 2001), for the their 15 year produc-
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tive life (BLM 2001) was aso used for the purposed of this analysis. Using these
estimates, over its productive life, each conventional well would generate an es-
timated $3.5 million (constant 2001 dollars) total sales value. The total sales
value of conventional wells would be approximately $5.5 billion (assuming a
50 percent success rate), of which $4.4 billion would be from oil production and
$1.1 billion would be from natural gas over the life of the Project.

Overal, assuming 100 percent success rate, CBM well development would
contribute sales valued at nearly $35.4 billion (constant 2001 dollars) over the
life of the Project to the State, regional, and national economies and assuming
50 percent success rate, non-CBM would contribute sales value at nearly
$5.5 billion. The total sales value resulting from these success rates would be
$40.9 hillion in sales value. These values do not account for the sales value from
the associated facilities or equipment and supplies associated with the facilities
for CBM and non-CBM wells, which would contribute to an even higher sales
value and thus increase the tax revenue within the Project Area.

Population

Oil and gas operations play an important direct and indirect role in the local
economy through jobs that are created in the community. Additional jobs result
in additional personal income, and improved and or additional community needs,
such as schools, utilities, and transportation systems.

The Project is not expected to result in significant short- or long-term effects to
local population conditions. It is assumed that most of new full-time workers
would be recruited from communities within the Project Area and that construc-
tion employment and contractors would be available in the region (Keanini
2001a).

Substantial CBM exploration and development activities are currently ongoing in
the counties. To the extent that additional non-local contractors or permanent
employees are needed, they may relocate to the area for a limited period of time
(2 to 5 years) during the major construction phase of the Project (Keanini 2001b).
Therefore, it is expected that only a small to moderate increase in population
growth would occur.

It is not anticipated that this Project employment would substantially affect
demographic characteristics of any of the countiesin the Project Area.

Direct and Indirect Employment

Implementation of Proposed Action would have a substantial effect if it resulted
in a negative change in local economic conditions or wages, resulted in a short-
or long-term reduction in employment, or created the potential for a boonv/bust
employment cycle. Development of the Project would be completed in approxi-
mately ten years from project initiation. The overall production lifetime of the
wells is expected to be in the range of 7 years. This includes the 12,077 CBM
wells aready permitted in the Project Area, in addition to the 39,367 CBM wells
and 3,200 non-CBM wells proposed. Both direct Project employment (e.g. posi-
tions with one of the Companies or contractors hired for construction, produc-
tion, and decommissioning) and indirect or secondary employment (jobs that be-

4-275 PRB O & G DEIS



Chapter 4 — Environmental Consequences

come available in support industries as a result of Project activities, such as parts
and materials production, equipment refueling, etc.) would arise as a result of
project activities.

Direct Employment

Implementation of the Project would create some additional employment oppor-
tunities in the Campbell, Converse, Johnson, and Sheridan counties; however, it
is anticipated that most of the jobs would be hired from the local labor force
(Keanini 2001a). It is speculative to determine as to which counties within the
Project Area these employees will live and work, and therefore this was not
evaluated for this analysis. Table 2—16 identifies estimated employment require-
ments for the Proposed Action associated with CBM and the following text iden-
tifies employment needs for non-CBM activity and additional facilities required.
Non-CBM estimates are based on wells and roads projected; however, it is as-
sumed that adequate workers required for non-CBM compressor, pipeline, and
utility lines construction are accounted for in the CBM facility estimation. Dueto
the long-term nature of the Project, coupled with fluctuation in natural gas eco-
nomics and the Companies involved in the leases, developing exact projections
of employment is difficult. Therefore, the following paragraphs provide a reason-
able estimate of what employment effects can likely be expected with project
implementation.

Construction and Installation

The primary influx of employment opportunities associated with the Project is
expected to occur in the first ten years of the Project, during the development
phase. During this phase, the primary activities would be well drilling and com-
pletion and construction of associated ancillary facilities (e.g., access roads, pipe-
lines, power lines, and compressor stations). As shown in Table 2-16, it is antici-
pated that these activities would require 1001 workers per day. After the initial
10-year development period, rigs would drill replacement wells for those de-
pleted plugged and abandoned, or for isolated filed development. Non-CBM de-
velopment would require approximately 42 workers per day for the life of the
Project.

Employment opportunities are expected to be the greatest over the first ten years
(the construction phase) and then constant over the remaining life of the Project.
Employees and contractors would be hired or reassigned because, for the most
part, they aready work in the area to construct and maintain roads and well pads,
construct utility trenches, and install underground gas pipelines, water pipelines,
and utility lines. Local contractor jobs would include gravel and water truck driv-
ers, heavy equipment operators, and pipeline workers, comprised primarily of
workers currently located within the Project Area.

Some components of the Project’s workforce would be non-local transient con-
struction workers with specialized expertise required to drill and complete wells.
It is assumed that these workers would reside in the Project Area for about six
months each year (May through November) during the construction season. It is
assumed that the magjority of these workers would reside in motels while they are
working in the area and would not bring families with them. Many of these con-
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tractors would leave the Project Area once the construction and devel opment
phase of the Project isfinished.

Necessary skills would include: pump and pipeline maintenance, compressor and
electric motor maintenance, and production monitoring. Many of these positions
would likely be filled by workers currently underemployed in service or trade
sector jobs. Some jobs that require a higher or different level of expertise may be
filled by non-local workers.

Operation /Maintenance and Decommissioning

Once the CBM wells have been installed some level of sustained permanent em-
ployment (as described in Table 2—16) would be related to maintenance and op-
eration of the fields over a 20 year period. Additionaly, gradual reclamation of
the inactive wells, and associated access roads would be an on going effort in the
later years of the Project. Fewer workers would be required to perform these
functions. Approximately 378 CBM workers and approximately 17 non-CBM
workers would be required for the operation and maintenance phase, and the ma-
jority of these workers would be pumpers. Implementation of remote monitoring
is anticipated to decrease the number of workers traditionally required for opera-
tion and maintenance.

The final stage of the Project life cycle involves the reclamation and abandon-
ment of facilities, which may also trigger 595 jobs for CBM and approximately 8
jobs for non-CBM wells for a period of ten years, during which the various facili-
ties would be dismantled and removed or abandoned in place and surface areas
arereclaimed.

As aresult of the Proposed Action, at a minimum it is assumed that 2,041 em-
ployees would be required for the life of the 20-year Project, consisting of annual
employment of 1,974 CBM workers, 67 non-CBM workers. It is assumed, that
due to the revolving nature of CBM, these employees aready live in the area and
would be available for work (Keanini 20014).

Indirect Employment

In addition to the CBM and non-CBM related jobs to the local economy, during
the life of the Project purchases and expenditures made by Project employees
within and outside of the affected counties, which would in turn extend the length
of time of secondary jobs for the life of the Project. However, because most of
these jobs have been filled by employees living in the area, it is anticipated that
few secondary jobs would be created, but may sustain for alonger period of time
than previously anticipated. Since the vast mgjority of service and retail trade
activity occurs in the Gillette, Wright, Buffalo, and Sheridan communities, it is
assumed that most of these jobs would be created in these or nearby communities
in Project Area.

Wages

The Project also would contribute to the local economy through the generation of
earnings that would be spent on items such as housing, food, goods and services.
In addition, economic benefits would occur as a result of the Companies spend-
ing on purchases of equipment and supplies from local area vendors.
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The wages and salaries paid to long-term Project employees would contribute
and estimated total annual personal income to the local economy of $81.6 million
(in constant, 2001 dollars) per year, using an average annual income of $40,000
(Powder River CBM Information Council 2001). Over a 20 period, these loca
jobs created by the stimulation of the economy would contribute an additional
$1.6 hillion. The average annua income would primarily be contributed to the
affected counties.

As the Project life expectancy nears completion, additional costs and expendi-
tures would occur as wells are plugged and decommissioned. Projections of these
costs are unavailable at thistime. Both expansion of existing businesses and crea-
tion of new business can be anticipated due to the increase of longevity of exist-
ing jobs. However, once the development phase of the Project is completed, a
reduction in service and trade sector employment can be anticipated. Some addi-
tional earning from the indirect employment also can be expected and these earn-
ings would be spent in, and contribute to, the local economy. Once the devel op-
ment phase of the Project is completed, indirect earnings from secondary em-
ployment would eventually be reduced.

Local Economy and Potential for Boom/Bust Cycle

Implementation of the Project would create both primary and secondary em-
ployment opportunities, contribute to the local economy, and provide a substan-
tial source of revenues for local agencies through the collection of royalty taxes.
If current estimates and plans are realized by each of the Companies involved in
the Project, it is assumed employment opportunities would occur primarily in the
first 10 years of the Project, while revenues may extend for as long as 20 to 30
years when Project activities and gas production would slow or cease and so
would the associated economic benefits. Some concern was expressed during
scoping related to the potential of Project activities to create a boom/bust eco-
nomic cycle similar to what was experienced in the areain the early 1980s.

The potential for the Project to result in a substantial economic boom/bust cycle
is low. If anything, by adding wells to an area that may already be subject to
dight Boom/Bust cycle activity, the Project would likely extend the localy
strong economy longer than previoudly anticipated. While this Project would in-
crease the importance of these sectors in the local economy, when compared to
the overall economy these activities represent a relatively small share of the
economy. Project activities are expected to begin and end in a gradua fashion,
and a mgjor lay-off or royalty reduction is not anticipated. Historicaly, the
economies of counties with in the Project Area have been subject to the fluctua-
tions associated with resource extraction and are probably less sensitive to this
phenomenon than other areas. In addition, there are a number of other ongoing
economic activities and concerted efforts by local authorities to diversify the lo-
cal economy. These factors all lead to the conclusion that while the conclusion of
Project activities would create a gap in employment and the economy, it is not
expected that this gap would eguate to the overall collapse of the region or asig-
nificant localized depression cycle. Although there is a risk for the oil and gas
industry and potential for some risk to the local economies, there would be no
risk to the overall economy of the Project Area.
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Housing

To the extent that Project-created employment results in a concentrated housing
demand or shortage, either short or long term, the effect of the Proposed Action
would be considered significant. Effects shall be measured on both a local and
regiona level. If transient housing, e.g. man camps or motel rooms, would be
required for short-term accommodations for construction or other laborers that
are currently not available, the effect is deemed significant.

Minor employment or population changes are anticipated as a direct result of im-
plementation of the Proposed Action. The increase in population would be small
relative to the total population. Because most employees are expected to be hired
locally, the demand for additional temporary or permanent housing within the
near the Project Area likely may be met with the existing housing supply, de-
pending on the vacancy rates during the period of operations. The majority of
available housing units in the Project Area are located in the communities of Gil-
lette, Wright, Sheridan, and Buffalo and it is anticipated that the mgjority of em-
ployees would live in Campbell County. Construction-phase workers who mi-
grate into the area may reside in rental units within these communities. The rental
vacancy rate for 2000 in the Project Areawas 9.5 percent, only 0.2 percent lower
than the State of Wyoming rental vacancy rate of 9.7 (Wyoming Division of
Economic Analysis 2001c). There would likely be sufficient existing rental units
to house the in-migrant portions of the workforce. Additiona rental units may be
constructed if the existing supply of vacant rental units becomes exhausted.

Community Facilities and Services

Roads, Water and Wastewater Systems, and Solid Waste Disposal
Access to portions of the Project Area from State and Federal highways would
require the use of certain county roads. Project activities could potentially result
in increased traffic and use of roads, including additional wear and tear from
heavy vehicles. The increased use of county roads may increase maintenance
costs to county specia districts. Both paved and non-paved roads may be af-
fected. The Project’s effects on roads are described in the Transportation section
of Chapter 4 starting on page 4-243.

Water would be required for construction and operation of the Project. Total wa-
ter requirements would equal 6,896 acre-feet/year. The Companies would pur-
chase water locally from a variety of sources, resulting in very minor shifts in
water consumption from existing uses to this Project.

Because there is only a small population increase and subsequent housing de-
mand expected with Project implementation, a significant effect on domestic wa-
ter service provision (in terms of supply and conveyance systems) is not ex-
pected. In addition, neither the Project itself nor subsequent development result-
ing from Project employment (if any) is expected to have any effect on loca
wastewater facilities. Certain wastes would be disposed of onsite or recycled and
other waste products would be disposed of at the local landfill. It is not antici-
pated that the addition of this waste stream would substantially affect the loca
landfills or their capacities.
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Public Schools, Law Enforcement, Fire Protection, and Medical
Facilities

Public schools in the region are not anticipated to experience significant in-
creases in student enrollment as a result of the Project. Due to the limited popula
tion increases expected and the long-term time frame associated with the Project,
public schools are not anticipated to experience the potential effects of substan-
tial growth resulting from the Project. If current plans change, resulting in a sig-
nificant number of Project workers being recruited from outside the local area
who bring school-aged children with them, existing over-crowded conditions
may be exacerbated.

Given that the population growth is expected to be consistent with typical growth
rates, law enforcement, fire protection services, and medical are not expected to
experience substantial effects as aresult of Project implementation.

Public Finance

The Project would be considered to have a significant effect on public finance if
local government fiscal conditions were impacted in such a way that revenues
would not adequately provide public facilities and services at established levels.

Implementation of the Proposed Action would result in some level of both costs
and benefits for the counties in the Project Area. Regarding financial costs, the
primary Project-related impact is related to the use of county roads. Revenues
used by these counties are generated through Federal mineral lease royalties,
State payments in lieu of taxes, and interest earned on unanticipated funds. Addi-
tional Project-related costs to the counties may arise from administrative ser-
vices. Examples of these costs include mapping, naming, and signing of new
roads developed in the Project Area for emergency access, as well as other staff
and administrative costs.

Mineral Royalties

The Mineral Management Service, U.S. Department of the Interior collects min-
eral lease royalties, for gas produced by wells completed on Federa lands. Fed-
eral royalties would be paid for each well producing from Federally owned oil
and gas mineral estate. After administrative costs are deducted, half of the royal-
ties would be retained by the Federal government, and used for the General Fund
and various other funds. The remaining half would be distributed to the State of
Wyoming, and used for schools, roads and other public works. For the purpose of
this analysis royalties are estimated as percentage of the total Project yield for
each well multiplied by the market price for the product.

It is estimated that about 39,367 CBM wells and 3,200 conventiona wells would
be completed on Federal, State and fee (private) minerals in the Project Area
through the end of the estimated Project life. Substantial revenues would be gen-
erated through these mineral royalty payments. For this analysis, al Federal
revenues are assumed to be a result of mineral royalties. It is assumed that reve-
nue from leases and lease bonuses are not a part of thisanalysis.
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Federal Royalties

For the purpose of analysis, federal royalties as a result of CBM activity have
been estimate as $112,500 per federal well (using 12.5 percent of the estimated
sales value of $900,000 for each well). Of the 39,367 CBM wells, up to 23,909
are expected to be CBM wells with federal minerals. The Project is expected to
generate estimated federa royalties of $2.7 billion (constant 2001 dollars) from
CBM wells over the life of the Project. One half of thistotal would be distributed
to the federal government and the remaining half would go the State of Wyoming
based on equivalent royalty rate.

For conventional wells, federa royalties have been estimated as $437,500 per
federal well (using 12.5 percent of the estimated sales value of $3.5 million for
each well). Of the 3,200 conventiona oil and gas wells, up to 1,855 are expected
to be federal wells. Assuming 50 percent success, the Project is expected to gen-
erate federal royalties of an estimated $406 million (in constant 2001 dollars)
from conventional wells over the life of the Project. Approximately half of this
total would be distributed to the federal government and the remaining half
would go the State of Wyoming.

Overall, the Proposed action would result in approximately $3.1 billion in Fed-
era royalties.

State Royalties

State royalties would be paid for each well producing from state-owned oil and
gas mineral estate. State surface does not always correlate with state mineras,
however, for the purpose of this analysis, state mineral data was calculated using
state surface with non-federal mineras, due to the lack of available state minera
ownership for the entire Project Area. Using this assumption, there are 2,668
CBM wells on state minerals. For the purpose of this analysis, State of Wyoming
royalties have been estimated as $150,030 per state well (using 16.67 percent of
the estimated sales volume of $900,000 for each well). The Project is expected to
generate approximately $400 million (constant 2001 dollars) in state royalties
over the life of the Project. State royalties are placed in the permanent fund and
used for schools and public institutions.

Using the assumptions above for State minerals, there are 214 conventional wells
on State minerals. For the purpose of this analysis, State of Wyoming royalties
have been estimated as $580,000 per state conventiona well (using 16.67 percent
of the estimated sales volume of $3.5 million BOE for each well). Assuming a
50 percent success rate, the Project is expected to generate approximately
$62 million (in constant 2001 dollars) in state royalties from non-CBM over the
life of the Project. State royalties are placed in the permanent fund and used for
schools and public institutions.

Overall, the Proposed Action would result in approximately $462 million in state
royalties.

Fee Royalties as a result of CBM and conventional well development
Fee royalties would be paid in royalty owner(s) of each well producing from the
privately-owned mineral estate. The amounts paid, as fee royalties are not avail-
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able to BLM. State and county governments do not receive royalties generated
from the private mineral lands, but do collect severance and ad valorem taxes,
and sales and uses taxes.

Sales and Use Tax Revenues

The Proposed Action would contribute to revenues of the State of Wyoming and
its counties through sales and use taxes from the purchase and use of tangible
goods. The State of Wyoming collects a four percent sales and use tax for each
well, and the counties each collect one percent per well, for atotal and use tax of
five percent (BLM 1999). State taxes are retained by the State, and are partially
disturbed to county and municipa governments. County sales and use taxes are
distrusted primarily to the counties imposing the tax.

Sales and use taxes for oil and gas operations are applied to the following catego-
ries of tangible goods and services that are purchased or used during the CBM
development: 1) coring or sampling; 2) well logging; 3) formation testing; 4)
plugging and abandonment: 5) production casing: and 6) well completion. Gen-
erally those services directly related to drilling are not taxable. Well maintenance
and repair services are taxable. Purchases of separate lines, tanks, and other units
used in the collection, processing or transportation of oil and gas are taxable.

The taxable value per CBM well is estimated to be $36,000. This figure was cal-
culated by applying an estimated factor of 60 percent (taxable goods and ser-
vices) to a total drilling and completion CBM well cost of $60,000 (Western
2001). There would be 39,367 CBM wells resulting in $70.8 million in taxable
drilling costs. For the purposes of this analysis non-CBM wells would be as-
sumed to have similar sales and tax revenue per well, which would contribute an
addition $5.8 million in taxable drilling costs. All of these expenditures are sub-
ject to sales revenue and tax, totaling $76.6 million paid to the State and the
counties over the period of time that taxable goods and services are purchased
(life of the Project).

Additional sales tax revenues will also be generated from the cost of the other
water handling facilities. The sales tax over the life of the Project from water
handling are shown in Table 4-104. Because sales taxes are based on tangible
goods and the design of the water handling methods are on a conceptual level,
tangible goods were based on estimates and assumptions. These costs are incom-
plete and are only presented to be used as a comparative analysis. The total sales
tax revenue generated from water handling of this aternative is estimated to be
$73.94 million for the life of the project.

Overdl, CBM and non-CBM activity in the Proposed Action would result in ap-
proximately $150 million in sales tax returned to the State and counties, over the
life of the Project.

For CBM wells, severance taxes on fee wells are calculated at a six percent rate
for the State of Wyoming. Based on a sales value of $900,000 per well, the sev-
erance tax over the life of the Project is expected to be $ 54,000 per well. As a
result, the 39,367 wells, would generate $2.1 billion in severance tax over the life
of the Project paid to the State of Wyoming. Assuming a 50 percent success rate,
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the 3,200 non-CBM wells will generate $333 million in severance tax over the
life of the Project paid to the State of Wyoming

Table4-104 Water Handling Sales Tax Revenue

Salestax generated from
water handling facility

Type of water handing facility (millions)
Surface discharge (includes untreated, active treatment, $29.0
passive treatment)

Infiltration $32.0
Containment® $6.80
LAD $1.01
Injection $5.13
Total $73.94
Note:

1.  O&M unknown and therefore not included.
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001;
and Kolin, Greystone, 2001.

Over dl, CBM and non-CBM weélls in the Proposed Action would result in ap-
proximately $2.4 billion in severance tax distributed to the State of Wyoming.

Local Ad Valorem Tax Revenue

Additional project revenues would be generated throughout the collection of an
ad valorem/property tax levied on improvements constructed by the Companies.
Since this tax assessment is based on value added to property, revenues would
increase based upon the number and location of wells. No estimate of the as-
sessment of improvements associated with well development was available,
however, assessed value would be determined as a percentage of the actual cost
of the facilities (BLM 1998). Theoretically, revenues would gradually increase
over the first ten yearsin all four counties, provided a steady revenue stream for a
period of years, and then decline asfacilities are dismantled and reclaimed. These
projections are subject to the number, locations, and life span of facilities and gas
production.

County ad valorem tax rates for Campbell, Converse, Johnson, and Sheridan
Counties vary dightly. In Campbell and Converse Counties the tax rate is 6.3
percent and in Johnson and Sheridan Counties the tax rate is 6.8 percent (BLM
2001). As shown in Table 4-105, Campbell County is estimated to receive $1.5
billion (constant 2001 dollars) in ad valorem taxes from CBM and non-CBM
wells, the highest of the four countiesin the Project Area. Johnson County is es-
timated to receive $690 million in ad valorem taxes from CBM and non-CBM
wells, the second highest amount of the four counties in the Project Area. Sheri-
dan County is estimated to receive $443 million in ad valorem taxes form CBM
and non-CBM wells and Converse County is estimated to receiver 32 million in
ad valorem taxes form CBM and non-CBM wells.
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Table4-105 Ad Valorem Taxes by County

Wélls Ad Valorem Sales Value of Net Ad Valorem
Proposed Rate (percent)  the Well (dollars) (dollars)

CBM
Campbell 21,300 6.3 900,000 1.2 billion
Converse 176 6.3 900,000 10 million
Johnson 10,780 6.8 900,000 660 million
Sheridan 7,111 6.8 900,000 435 million
Total 2.3 billion
Non-CBM*
Campbell 1,339 6.3 3.5 million 295 million
Converse 100 6.3 3.5 million 22 million
Johnson 126 6.8 3.5 million 30 million
Sheridan 35 6.8 3.5 million 8.3 million
Total 355.3 million
Grand Total 2.7 hillion
Note:

1. Assumes 50 percent success rate.
Source: BLM 2001c

Over al, CBM and non-CBM weélls in the Proposed Action would result in ap-
proximately $2.7 billion in ad valorem taxes for the four counties within the Pro-
ject Areathat is used by the county governments to fund vital programs like pub-
lic schools, hospitals, libraries and special districts, including conservation dis-
tricts (Powder River CBM Information Council 2001).

Based on these assumptions, it is estimated that sales and use tax, severance tax
and ad valorem tax revenues generated over the life of the Project would ap-
proximately be $5.2 billion ($2.7 billion ad valorem, $2.4 hillion severance, and
$150 million sales tax), which would represent a significant impact to the State
and local economies.

Quality of Life

Project-related changes in existing ways of life that cause community discontent
sufficient to raise conflict and organized response/opposition would be consid-
ered to represent a significant impact on quality of life. The perception of a
“quality of life” is avery subjective and personal idea, which varies significantly
by individual, location, and interests. Quality-of-life issues were raised as part of
scoping for this Project; however, little or no information regarding a definition
of thisissue was provided by respondents. It is clear that no one would be in fa-
vor of a“poor” quality of life, but it is difficult to assess what specific aspects of
a long-term project may cause an individual’s perception of quality of life to
change in a negative manner. Additionally, many of the factors that would be
considered by most to improve a quality of life (e.g., employment opportunities,
municipal services, and vital economy) may or may not be achievable without
some increase in factors seen to mar a quality-of-life perception (e.g., traffic in-
crease, visual impairment, use of Federal lands for resource extraction, or influx
of transient workers). Each of these factors is discussed in the following para-

graphs.
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Local Economy

Over time, the Project would result in effects that would be considered to both
aid and deter from a common perception of a desirable quality of life. All of the
social and economic topics described in this section would factor into a “quality
of life”. It has been concluded that over the 20-year expected life span of the Pro-
ject, increased employment in certain sectors would be realized. These opportuni-
ties (primarily within the first five years of Project development) would require
skilled as well as unskilled labor. Many of these jobs could be filled by workers
with similar skills who are currently residing in the Project Area. Employment
opportunities and economic stability are a positive factor in the quality of life.

Visual Effects

Project development would noticeably increase activities on Federal lands
throughout the Project Area. During the ten-year development phase, it is ex-
pected that there would be numerous ongoing drilling operations that would in-
crease hoise and dust and pose loca visual impairment. Once wells are com-
pleted, well pad and pumping units would dot the landscape in certain areas. New
road and pipeline corridors also would be noticeable. These effects are a neces-
sary part of resource extraction activities in the area. These features may affect
one' s perception of quality of lifein terms of avisual impact experienced primar-
ily during outdoor recreational activities in the Project Area. Localized visual
effects, while unavoidable with Project implementation, can be lessened by some
extent through mitigation, such as screening and painting.

Traffic Congestion

Implementation of the Project would result in an increase in traffic on Federal,
State, and local roads. Truck and heavy equipment traffic on Federal lands, State
highways, and county roads would increase. Some additional traffic on local
community roads also may occur over time as new employees and Project activi-
ties create additiona trips. The major traffic congestion would occur at locations
along 1-25, 1-90 and SH-59 where vehicles and construction equipment would
enter and exit the Project Area.

Climate and Air Quality

Climate and air quality are generally perceived as a factor in a definition of qual-
ity of life. The Proposed Action would have no effect on the regiona climate.
Furthermore, implementation of the Proposed Action is not anticipated to have
significant effectsto regional air quality. Since there are no changes to climate or
significant effects or degradation to air quality anticipated, neither of these fac-
torswould affect quality of life.

Community Facilities and Services, Community Values

As described in previous sections, the Project would generate revenues currently
not available to Campbell, Converse, Johnson, and Sheridan Counties. These
revenues would likely be used for a variety of purposes, including funding for
additional community facilities and services. While there may be a moderate in-
crease in demand on existing services over time as Project activities proceed,
these affects have not been determined to be significant. Careful planning and
budgeting of revenue would allow municipalities to consider such things as
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school additions, parks, recreational facilities, additional law enforcement offi-
cers, and other services and facilities.

It would be highly speculative and very difficult to predict the Project’s long-
term impact on community values. Likewise, it would be difficult to assess
whether or not implementation of the Project would have any effect on religion
associated facilitiesin the area.

Crime

There is no information available that links natural gas development to increases
in crime in a particular area. It would be impossible to predict increases or de-
creasesin rates of crime resulting directly from Project implementation.

Property Values

Property values increase as result of high demand property and low supply. Prop-
erty within the Project Area have increased in recent months, primarily dueto the
influx of population, CBM and non-CBM related, and the value of land due to
royalties associated with CBM activity. Property values may also be affected
negatively by the presence of CBM activity and associated activity (visua, traf-
fic, etc). It would be highly speculative to quantify these effects positively and
negatively given the size of the Project Area and the socia factors related to
property values.

Environmental Justice

This socioeconomic analysis provided a consideration of effects with regard to
disproportionately adverse effects on minority and/or low-income groups, includ-
ing Native Americans. No potentialy adverse effects that disproportionately af-
fect Native American tribes or minority and or low-income groups have been
identified. Issues related to the socia, cultural, and economic well-being, and
health of minorities and low income groups (environmental justice) issues were
evaluated during the analysis of the Proposed Action on socioeconomic re-
sources, surface water and ground water quality, air quality, hazardous materials,
and other elements of the human environment. No environmenta issues were
identified.

Implementing the Proposed Action would not have significant adverse affects on
the social, cultural, and economic well being, and health of minorities and low-
income groups. With regard to environmental justice issues affecting Native
American tribes or groups, the PRB CBM Project Area does not contain tribal
lands or Indian communities, and no treaty rights or Indian trust resources are
know to exist for this area. There are no communities within the Project Areathat
would be likely to be physically impacted by the reasonably foreseeable devel-
opment of CBM. Communities outside the Project Area, which would have alow
potential to be affected from a water quality perspective, include the Northern
Cheyenne and Crow Reservations in southern Montana, just north of the Upper
Tongue River Watershed. It is not anticipated that there is a high potential for
water quality degradation flowing into the reservations, however, water quality
agreements and measures are discussed below with respect to environmental jus-
tice.
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The Tongue River flows directly into the Northern Cheyenne and Crow Reserva-
tions. As stated Chapter 2, the Companies are required to monitor and report pro-
duced water volumes and quality to WDEQ pursuant to NPDES permit require-
ments. Discharges are required to meet all applicable WDEQ-WQD water quality
standards and regulations at all times. The Companies on a voluntary basis have
also initiated and funded several studies that are intended to address the cumula
tive effects of the collective water discharges. Additionally, WDEQ and MDEQ
have initiated the Montana and Wyoming Powder River Interim Water Quality
Criteria Memorandum of Cooperation (MOC). The intent of the MOC, with re-
spect to environmental justice, is to recognize a responsibility and an opportunity
to collaboratively protect water quality in the Powder River Basin to facilitate the
development of CBM activities in the respective states. Under the MOC, the
State of Wyoming recognizes Montana' s downstream interests and has commit-
ted to apply certain limits on the development o CBM activities, during the term
of the cooperative effort and would work with and support Montana's efforts to
develop long-term water quality standards and an equitable allocation of the as-
similative capacity if one exists.

Alternative 2

Alternative 2 specifically relates to methods for handling produce water may
slightly increase the land required to dispose of water. Such increase in land use
may have negative visual implications ultimately affecting the “ quality of life”.

Alternative 2A and 2B result in minimal change to the employment, wages, hous-
ing, infrastructure and royalties. Because of the water handling methods empha-
sized in these alternatives, CBM employment will increase to 2,260 for 2A and
2,112 for 2B, primarily resulting in the construction of these facilities. Non-CBM
employment will be the same as Alternative 1. Therefore, an additional $1.86
billion (2A) to $1.73 billion (2B) in annual wages over the life of the Project will
be generated as a result of the additional employment from the water handling
facilities. There may be a dlight increase in infrastructure demands, however
there will be an increase in traffic as a result of the water handling methods. The
number of wells remain unchanged, therefore royalties are the same as the Pro-
posed Action. Of al the socioeconomic issues, taxes will be the most affected,
due to the cost of the water handling facilities. Specifically, sales tax revenues
will be altered. Water handling as it applies to the cost of each method and num-
ber of each method is described below.

Alternative 2A Water Handling

Tax revenue generated from Alternative 2A may be slightly higher than that of
the Proposed Action primarily due to the number and types and amount of water
handling methods. The primary water handling cost of Alternative 2A is aresult
of emphasis of infiltration water handling. As shown in Table 4-106, the tota
sales revenue generated from the water handling portion of this aternative is es-
timated to be $94.4 million for the life of the project.
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Table4-106 Alternative 2A —Water Handling Sales Tax Revenue

Sales Tax Generated From Water Handling

Type of Water Handling Facility Facility (millions of dollars)

Surface Discharge 10.8
Infiltration 66.8
Containment* 7.90
LAD 3.44
Injection 5.52
Total 94.4
Note:

1. Operation and maintenance costs are unknown and not included.
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and
Koalin, Greystone, 2001.

The total sales tax generated from drilling and water handling in Alternative 2A
is estimated to be $171 million for the life of the project.

Alternative 2B Water Handling

Tax revenue generated from Alternative 2B is dightly higher than the Proposed
Action, and Alternative 2A due to number of surface discharge and infiltration
water handling methods. As shown in Table 4-107 the total sales tax revenue
generated from water handling of this aternative is estimated to be $100 million
for thelife of the Project.

Table4-107 Alternative 2B — Water Handling Sales Tax Revenue

Sales Tax Generated from Water
Type of water handing facility Handling Facility (millions of dollars)
Surface discharge 35.8
Infiltration 48.0
Containment* 7.2
LAD 3.44
Injection 5.52
Total 99.96

Note:

1. Operation and maintenance costs are unknown and not included.

Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and
Koalin, Greystone, 2001.

The total sales tax generated from the drilling and water handling of Alternative
2B is estimated to be $177 million for the life of the Project.

The two compression options for these alternatives include electrification of 50
percent of the booster compressors, with the difference using gas-fired booster
compression and electrification of 100 percent of the booster compressors. The
cost associated with these aternatives varies depending on the price of gas versus
the price of electricity. For the purpose of this analysis, if the price of electricity
is assumed to be $0.0372/kilowatt hour (KWH)(Browne 2001) and a fully loaded
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engine can produce the equivalent of .746 kilowatt hours (kwh), then electric
generation would cost approximately $0.02775 per horse power hour (hrsp-hr).

Assuming the gas-fired engine requires .01 mcf per hspr-hour (Zavadil 2001) and
gasis at $2.25 per mcf (Wyoming Division of Economic Analysis, 2001), gas-
fired compression would cost approximately $0.02250 per hrsp-hr. Therefore, the
price of gas would represent approximately a 19 percent savings. Additionaly,
because the gas is used on these compressor engines, there is some savings from
the basis differential, gathering and compression rates, transport deductions, and
royalty and ad valorem savings, which ultimately result in lower net fuel cost.
For instance, the fuel cost might be $3.00/mmbtu, however after these deduc-
tions, the true cost for fuel is only $1.32/mmbtu (Keanini 2001b).

For the purpose of this analysis, given the current projected price of natura gas
and electric, natural gas booster compressor units would be more economical to
the operators. Electric booster compression units add no economic value to the
operators or the community.

Alternative 3 — No Action

Under the No Action Alternative, additional natura gas drilling would not be
authorized on Federd leases within the Project Area. However, drilling could
still occur on State and private land. The No Action Alternative would result in
approximately 637 fewer jobs created in the Project Area over the life of the Pro-
ject and therefore approximately $510 million in annual income within the coun-
ties of the Project Area.

Expenditures made by the Companies and local tax revenues would be reduced
substantialy because 23,909 fewer CBM wells and 214 non-CBM wells would
be drilled under this aternative, which also decreases the revenue generated from
other facilities as well. In addition, the costs and benefits of the Project directed
to Campbell, Converse, Johnson, and Sheridan counties would be reduced rela-
tive to the Proposed Action and Alternative 2. Federal mineral royalties from
CBM alone would result in $3.1 billion less in sales value than in the Proposed
Action. With no additional federal wells, there would be no additional Federd
royalties available and no associated distribution of those royalties to the coun-
ties.

Tax revenue generated from Alternative 3 is lower than that of the Proposed Ac-
tion and Alternative 2a and 2b, primarily due to decreased number of wells activ-
ity, which therefore decreases the number of water handling facilities. As shown
in Table 4-108, $30.8 million tax will be generated from water handling. The
total salestax generated from drilling and water handling is estimated to be $61.3
million for the life of the project. The severance tax generated from this alterna-
tive is estimated to be $1.1 billion for the life of the project. The ad valorem tax
generated from this alternative is estimated to be $1.06 billion for the life of the
Project.

Additionally, not drilling Federal wells now may result in future negative produc-

tion rates from Federal minerals. Drilling on private and State minerals would
likely result in depletion of Federal minerals, and therefore potential Federal roy-
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aties, within portions of the Project Area. Modeling by Joe Meyer, BLM hy-
drologist, indicated that in an undrilled area within the Project Area, 9 to 22
pounds per square inch (psi) of pressure draw down would occur in as much as
1.5 miles from the boundary of the producing well after 18 months of production
(BLM 2001b). Such significant pressure depletion is considered to be large and
extensive (BLM 2001b). According to the same report, it is believed that un-
drilled Federal acreage, specifically within the Upper Belle Fourche River Sub-
watershed, may have been so severely depleted that an economic well is no
longer feasible. It is anticipated, that depletion would continue to worsen and
over awider areawithin a portion of the Project Area, as CBM development con-
tinues (BLM 2001b).

Table4-108 Alternative 3—Cost and Sales Tax Revenue

Sales Tax Generated From Water Handling Facility

Type of water handing facility (millions of dollars)
Surface discharge 10.9
Infiltration 14.3
Containment* 2.94
LAD 5
Injection 2.20
Total 30.8
Note:

1.  Operation and maintenance costs are unknown and not included.
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and
Kolin, Greystone, 2001.

Like Alternative 1 and 2, Alternative 3 would not have significant adverse Envi-
ronmental Justice affects on the social, cultural, and economic well being, and
health of minorities and low income groups for the same reasons stated under
Alternative 1.

Cumulative Effects

Economic Consequences

The estimated cost of each alternative is provided in Table 4-109. The costs were
generated using cost assumptions provided in Table 4-110 and Table 4-111. For
the purpose of this analysis, the following costs were not included in this cost
analysis: land acquisition and holding; royalties; permitting; engineering; corpo-
rate overhead; management; taxes; interest; return of and return on investment;
and time value of money. The costs that are estimated were utilized to estimate
the socioeconomic impact to the affected communities.
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Table4-109 Estimated Cost of Each Alternative Over the Life of the

Project

|
Alternative 1 Alternative2a Alternative2a  Alternative 3

(billions of (billions of (billions of (billions of
dollars) dollars) dollars) dollars)

Drilling, Operation and
Maintenance, and Reclamation 9.95 9.95 9.95 391
& Decommissioning
Water handling1 2.45 3.15 3.33 1.03
Total 12.4 13.1 13.3 4.94
Note:

1. Water handling includes Surface Discharge (Untreated, Active Treatment and Passive Treat-
ment), Infiltration, Containment, LAD, and Injection.
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin,

Greystone, 2001.

Table4-110 Estimated Costs of Drilling and Reclamation for CBM and
Non-CBM Weélls

Drilling Activities

Estimated cost/ unit (over the life of the project)

Drilling and completion

Well Infrastructure Cost per well
Additional pd infrastructure
Gathering Fees per Mcf
Operation and Maintenance
Reclamation

$60,000 per well*
$22,000 per well*
$16,000 per well*
$20,000 per well*
104,000 per well*
$700 per acre’

Note:

1. Generated using Coal Bed Methane Operators Information Survey Results, prepared
for the Eastern Research Group Inc and for the EPA. O&G Environmental Consult-

ants, September 7, 2001.
2. Provided by Williams 2001.

Table4-111 Estimated Cost of Water Handling Facilities

Water Handling Capital Cost of Construction O&M Reclamation

(Includes 1abor) cost per facility ($/bhl) cost per facility
Surface Discharge $16,000 $.05" $9,000
Infiltration $154,000 $.06" $136,000
Containment $3,600,000 Unknown $2,523,000
LAD $500,000" $.02" $3,000
Injection $90,0000" $.06" $9,000
Note:

1. Generated using Coa Bed Methane Operators Information Survey Results Report, prepared
for the Eastern Research Group Inc and for the EPA. O& G Environmental Consultants, Sep-

tember 7, 2001.

Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin, Greystone,

2001.
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The cost was generated using data provided in the Coal Bed Methane Operators
Information Survey Results Report, prepared for the Eastern Research Group,
Inc. and for the EPA (O & G Environmental Consultants 2001). Additionadlly,
Mike Kalin, P.E., of Greystone, generated estimated Project-related costs. (Kolin
2001). Because the conceptual level of this analysis does not present site-specific
design and operation, the cost estimates are incomplete and are only for compara-
tive analyses based upon a series of assumptions. In instances where cost was
speculative, it was not included in the analysis (such as roads, pipelines, com-
pressors, electric generation and other well-associated facilities) they were not
included in this analysis.

Alternative 1

Although the cumulative economic value of CBM development under this alter-
native is very large, the cumulative workforce required for the Project is esti-
mated to require approximately 349 employees for the 12,077 approved wells,
1,974 employees for CBM wells and facilities, and 67 employees for the 3,200
non-CBM wells. As a result, the average annua workforce required would be
approximately 2,390 employees over the life of the Project. It is anticipated that
these jobs filled from the local labor force. The annual payroll from these em-
ployeesis anticipated to be approximately $95.6 million. Over the life of the Pro-
ject, the annual payroll is estimated to be $1.9 billion. Employment opportunities
will likely be greatest during the first ten years, and would gradually decrease
over thelife of the Project.

Because the local labor force would likely occupy new jobs, the increased popu-
lation growth of the communities is not anticipated as a result of the Proposed
Action. It is not anticipated that water systems, solid waste disposal, public
schools, law enforcement, fire protection, or medical facilities would incur sub-
stantial additional effects from the Proposed Action. The local counties are ac-
customed to absorbing fluctuation in mineral development activities, which cause
cycles of increasing and decreasing demands for workers, housing and commu-
nity services. Much of the infrastructure required for the current population has
been created and would sustain the current population.

In addition to salaries generated by the Project, extra revenue would filter to
county levels through federal royalties, local ad valorem taxes, and sales and use
taxes. Based on projected market prices, it is estimated that federal royalties
would total approximately $3.1 billion over the life of the Project. The 12,077
permitted CBM wells are anticipated to generate an additional $151 million, to-
taling approximately $3.2 billion in federa royalties. Approximately half would
be paid to the State of Wyoming and half to the federal government. State min-
eral royalties, sales and use tax, severance tax and ad valorem taxes would gener-
ate approximately $5.6 billion in revenue to be distributed by the State and coun-
ties, for schools, roads, and other community infrastructure.

Implementing the Proposed Action would have cumulative effects on social, cul-
tural, and economic well being, and health of minorities and low income groups.
With regard to environmental justice issues affecting Native American tribes or
groups, the Powder River Basin Oil and Gas Project Area contains no tribal lands
or Indian communities, and not treaty rights or Indian trust resources are known
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to exist for the area. Environmental effects associated with water quality north of
the Project Area on or near the Crow and Northern Cheyenne Reservations will
be subject to applicable approved water quality standards by the State of Mon-
tana and State of Wyoming.

Alternative 2

Alternative 2 includes al of the cumulative effects as described for the Proposed
Action, but differs from the proposed action in water handling and compression.
Alternative 2a and 2b would require approximately 287 and 138 additional em-
ployees than the Proposed Action.

Alternative 2A results in $21.1 million more sales tax from water handling and
Alternative 2B results in $26.7 million more sales tax from water handling than
Alternative 1. The use of natural gas fired booster compressors proves to be more
economical for the operator and electric booster compressors provide no eco-
nomic benefit to the community.

Alternative 3

Under this alternative, no additional wells would be drilled on federal lands. Ap-
proximately 637 new jobs would be created under Alternative 3 resulting in
about $510 million in personal income and $1.1 hillion less than under Alterna-
tives 1, 2A, or 2B over the life of the Project. Implementation of Alternative 3
would result in a complete loss of al the federally related benefits and costs de-
scribed in the Proposed Action because no federal royalties would be collected
and the associated distribution of these royalties would not occur. Additionally,
not drilling federal wells now may result in future negative production rates on
federal minerals, due to depletion of minerals from drilling on state and private
lands.

Mitigation
Through the analysis, several potential mitigation measures were identified to
avoid, reduce, or minimize adverse effects to various resources. The BLM and
FS can require these measures for leases with federal land surface, but can only
recommend them for leases with non-federal land surface. These measures,
which are in addition to those identified in the ROD for the Wyodak EIS and the

Decision Record for the Wyodak Drainage EA, are discussed below by resource
area.

Groundwater

1. Concerns exist about the interaction between reservoirs and shallow
groundwater. At impoundment locations, it may be necessary to conduct
investigation at representative sites around the basin to quantify impacts
of water infiltration. This will help determine site-specific guidance on
placement and design of CBM related impoundments.
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Surface Water

Soils

2.

3.

Channel crossings by pipelines shall be constructed so that the pipe is
buried at least four feet below the channel bottom.

Channel crossings by road and pipelines shall be constructed perpendicu-
lar to flow. Streams/channels crossed by roads shall have culverts in-
stalled at all appropriate locations as specified in the BLM Manua 9112-
Bridges and Mgjor Culverts and Manua 9113-Roads. Streams shall be
crossed perpendicular to flow, where possible, and al stream crossing
structures will be designed to carry the 25-year discharge event or other
capacities as directed by the BLM.

Disturbed channel beds shall be reshaped to their approximate origina
configuration.

In plan of development areas where natural springs are present, operators
shall be required to identify, inventory, and monitor these springs as part
of their water management plan devel opment.

The Companies shall submit a proposal for each LAD facility on federal
lands for approval before initiating construction of the facility. At a
minimum, the proposals shall (1) identify the site-specific chemical and
physical characteristics of the soils; (2) provide a detailed operational
plan for the facility (e.g., application rates; amendments for water, soils,
or both; physical soil manipulations; winter operationa plans); (3) in-
clude a monitoring plan; and (4) provide a mitigation plan.

The Companies shall segregate soil horizons during excavation of all
project facilities and avoid mixing of soil horizons during stockpiling and
redistribution of soils.

Cultural Resources

8.

The Companies shall conduct CBM development in and around the
Crazy Woman Battlefield in a way that preserves the eligibility of the
site for nomination to the National Register of Historic Places. Approvals
of APDs and PODs will require prior coordination with the SHPO and
BLM'’ s archaeologists.

For development within %2 mile either side of the Bozeman Trail, com-
panies shall conduct evaluation of segments to determine their eligibility
to the National Register of Historic Places. Mitigation of adverse impacts
to segments of the trail that contributes to its igibility for the NRHP
will be determined on a case-by-case basis.

Air Quality

10. Roads and well locations constructed on soils susceptible to wind erosion

shall be appropriately surfaced to reduce the amount of fugitive dust
generated by traffic or other activities, and dust inhibitors (i.e., surfacing
materials, non-saline dust suppressants, water, etc.) could be used as nec-
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11.

essary on unpaved collector, local and resource roads which present afu-
gitive dust problem. To further reduce fugitive dust, Operators could es-
tablish and enforce speed limits (15 — 30 mph) on al project-required
roads in and adjacent to the Project Area. In developing the emission in-
ventory for the air quality impact assessment, it was assumed that com-
pressor engines would have an average potential NO, emission rate of
1.5 g/hp-hr during operation. This reflects an upper emission level an-
ticipated from currently available compressor engines.

A variety of potential emission reduction measures (BLM 1999) are
available to further limit NO, and other pollutant emissions. The evalua-
tion was not intended to rank or identify a required emission reduction
measure; the appropriate level of control would be determined and re-
quired by the applicable air quality regulatory agencies during the pre-
construction permit process.

Vegetation

12.

13.

Construction equipment would be washed prior to being moved into and
out of new work areasin order to remove any noxious weed seeds.

Existing infestations of noxious weeds that are within or adjacent to pro-
posed well pads, access roads, or other facilities would be treated prior to
construction to minimize the potential for spread of these infestations
into newly disturbed areas.

Wetland/Riparian

14.

15.

16.

17.

Construction equipment would be washed prior to being moved into and
out of new work areasin order to remove any noxious weed seeds.A

voidance of impacts to wetland/riparian areas is the preferred mitigation
measure. Components of this mitigation measure include: avoidance of
discharge in playas or closed basins, avoidance of discharge within or
near existing wetland/riparian areas where discharge would result in ris-
ing water tables, potentialy killing vegetation not adaptable to inunda-
tion, particularly cottonwoods and willows, and avoidance of disturbance
within all delineated or recognized wetland/riparian areas.

To protect the biological and hydrologic features of riparian areas,
woody draws, wetlands, and floodplains, all well pads, compressors, and
other non-linear facilities shall be located outside of these areas.

Crossings of wetland/riparian areas by linear features such as pipeline,
roads, and power lines shall be avoided to the extent practicable. Where
crossings cannot be avoided, impacts shall be minimized through use of
the following measures:

» Site-specific mitigation plans shall be developed during the
APD/POD or Sundry Notice approva process for all proposed
disturbance to wetland/riparian areas.

» Crossings shall be constructed perpendicular to wetland/riparian
areas.
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Wildlife
18

19.

20.

21.

22

23.

» For power lines, the minimum number of poles necessary to
cross the area shall be used.

» Wetland areas shall be disturbed only during dry conditions (i.e.,
during late summer or fall), or when the ground is frozen during
the winter.

» No waste material shall be deposited below high water lines in
riparian areas, flood plains, or in natura drainage ways.

» The lower edge of soil or other material stockpiles shall be lo-
cated outside the active floodplain.

» Drilling mud pits shall be located outside of riparian areas, wet-
lands, and floodplains.

» Disturbed channels shall be re-shaped to their original configura-
tion.

» Reclamation of disturbed wetland/riparian areas shall begin
immediately after completion of project activities.

. The Companies shall conduct clearance surveys for special-concern spe-
cies at the optimum time. This will require coordination with the BLM
before February 1 annually to review the potential for disturbance and to
agree upon inventory parameters.

For any surface-disturbing activities proposed in sagebrush shrublands,
the Companies shall conduct clearance surveys for sage grouse breeding
activity during the sage grouse's breeding season before initiating the ac-
tivities. The surveys must encompass all sagebrush shrublands within ¥
mile of the proposed activities.

The Companies shall locate compressor stations so noise from the sta-
tions a any nearby sage grouse display grounds does not exceed
49 decibels (10 dBA above background noise) at the display ground.

The Companies shall locate aboveground power lines, where possible, at
least 2 mile from any sage grouse breeding or nesting grounds to prevent
raptor predation and sage grouse collision with the conductors. Power
poles within ¥z mile of any sage grouse breeding ground shall be raptor-
proofed to prevent raptors from perching on poles.

The Companies shall locate impoundments to avoid sagebrush shrub-
lands, where possible.

The Companies shall fence al impoundments in bottom land areas that
are devel oped for fisheries to exclude livestock.

Aquatics Species

24

. Ponds developed for fisheries shall be fenced to exclude livestock; water
guality in these ponds shall be sampled on an annua basis for selenium,
TDS, and sodium bicarbonate, at a minimum.
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25.

26.

Stream channel monitoring for erosion, degradation, and riparian health
shall be conducted on an annual basis. Surveys shall include no less than
one stream reach above all CBM discharges and severa stream reaches
below CBM discharges. Monitoring stations will be placed above all
CBM outfalsand below all CBM outfalls, at least on mainstems.

Sub-watersheds that will receive CBM produced waters and shall be
monitored for macroinvertebrates and fish populations include: Upper
Tongue River, Upper Powder River, Salt Creek, Crazy Woman Creek,
Clear Creek, Middle Powder River, Little Powder River, Antelope
Creek, Upper Cheyenne River, and Upper Belle Fourche River. Sam-
pling sites shall be established at existing flow and water quality moni-
toring stations where possible. Sampling shall occur on an annual basis
during low flow periods, and all data collected shall be entered into a
central database. At least two sampling locations per stream or river shall
be established in these watersheds:

» Upper Tongue River — 1) between the Wyoming/Montana border and
below all CBM discharge points, and 2) above CBM discharge
points.

» Upper Powder River — 1) above Clear Creek at confluence; 2) above
Crazy Woman Creek at confluence; 3) below Sat Creek at conflu-
ence; and 4) below other tributaries that may contribute flow to the
Upper Powder River.

» Salt Creek — 1) above Upper Powder River at confluence; and 2)
above CBM discharge points.

» Crazy Woman Creek — 1) above Upper Powder River at confluence;
2) above CBM discharge points, and 3) below other tributaries that
may contribute flow to Crazy Woman Creek.

» Clear Creek — 1) above Upper Powder River at confluence; 2) above
CBM discharge points; and 3) below other tributaries that may con-
tribute flow to Clear Creek.

» Middle Powder River — 1) between the Wyoming/Montana border
and below al CBM discharge points; and 2) below confluence of
Upper Powder River and Clear Creek.

» Little Powder River — 1) between the Wyoming/Montana border and
below al CBM discharge points; 2) above CBM discharge points;
and 3) below other tributaries that may contribute flow to the Little
Powder River.

» Antelope Creek — 1) between eastern Project Area boundary and be-
low all CBM discharge points; 2) above CBM discharge points; and
3) below other tributaries that may contribute flow to Antelope
Creek.

» Upper Cheyenne River — 1) between eastern Project Area boundary
and below al CBM discharge points; 2) above CBM discharge
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points; and 3) below other tributaries that may contribute flow to the
Upper Cheyenne River.

» Upper Belle Fourche River — 1) between Campbell/Crook County
line and below all CBM discharge points; 2) above CBM discharge
points; and 3) below other tributaries that may contribute flow to the
Upper Belle Fourche River.

» A minimum of 21 sites (as above) would need to be sampled on an
annual basis in order to monitor aquatic health within the Project
Area.

Threatened, Endangered, or Sensitive Species

27.

28.

For any surface-disturbing activities proposed in potentially suitable
habitats for the Ute ladies-tresses’ orchid, the Companies shall conduct
clearance surveys according to the FWS' guidelines (FWS 1992) before
initiating the activities. The surveys must encompass all potentially suit-
able habitats within %2 mile of the proposed activities.

The Companies shall conduct clearance surveys for threatened, endan-
gered, or other specia-concern species at the optimum time. This will
require coordination with the BLM before February 1 annually to review
the potential for disturbance and to agree upon inventory parameters.

Transportation

29.

30.

31.

The Companies shall use gravel, water, or other dust suppressors, as
needed, to reduce dust associated with facility access roads.

The Companies shall provide georeferenced spatial data models depict-
ing, wells, roads, pipelines, power lines, reservoirs, discharge points, and
other facilities to the BLM semi-annually. The models will depict the as-
built locations of all facilities.

Companies should enter into maintenance agreements with the counties
to ensure the county roads are adequately maintained.

Visual Resources

32.

33.

The Companies shall complete the following measures, where possible:
use existing well pads where feasible, use vegetative and topographic
screening when siting well locations, avoid highwall cuts, and shield
drilling rig lights.

Within the designated VRM Class Il corridors along Interstate 90 and
State Highway 14, all project facilities on BLM surface shall be screened
completely from these highways.

. The Companies shall mount lights at compressor stations on a pole or

building and direct them downward to illuminate key areas within the fa-
cility while minimizing the amount of light projected outside the facility.
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Unavoidable Adverse Effects

The sections below describe the unavoidable adverse effects identified during the
analysis.

Groundwater and Surface Water

Air

Unavoidable adverse effects to groundwater and surface water would occur.
These include the long-term removal of water from the coal aquifers as they are
depressurized by the wells. The volume of water in other aquifers would be in-
creased through infiltration and injection. The quality of surface waters would
change in response to the discharges of CBM produced water and disturbances of
soils and vegetation throughout the Project Area.

Quality

Some increase in air pollutant emissions would occur as a result of the develop-
ment alternatives;, however, based on the “reasonable, but conservative” model-
ing assumptions, these impacts are predicted to be below applicable significance
thresholds.

Vegetation

Unavoidable direct and indirect adverse effects would occur under each of the
four alternatives. The extent of disturbance would be essentially equivalent for
Alternatives 1 and 2, but approximately half the magnitude for Alternative 3. Ar-
eas disturbed under each aternative would be subject to a high potential for inva
sion of noxious weeds and would require substantial effort to prevent and control
the spread of these weeds. Restoration of biodiversity in disturbed areas would
require an extended period of time and would likely be a function of the spread
of native plant species from outside of disturbed areas, a time-consuming process
that can be severely delayed by noxious weed invasions. Vegetation types pro-
viding crucid wildlife habitats would not likely be replaced for an extended pe-
riod of time, potentially causing adverse effectsto wildlife.

Wetland/Riparian Area

Unavoidable direct and indirect adverse effects would occur under each of the
three aternatives. The extent would be essentially equivalent for Alternatives 1
and 2, but approximately half the magnitude for Alternative 3. The primary ad-
verse impact would be ateration of wetland/riparian areas by the discharge of
produced CBM water. During production, wetland/riparian areas are likely to
expand in size, although increased water flow may also result in increased levels
of erosion or sediment deposition, causing adverse impacts. As water production
decreases towards the end of the Project, wetland/riparian areas would contract,
returning to pre-Project sizes. Areas of excessive erosion or sediment deposition
may cease to function as wetland/riparian areas. All of these changes in the ex-
tent of wetland/riparian areas would provide opportunities for aggressive species,
including noxious weeds, to invade disturbed areas.
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Wildlife

Unavoidable direct and indirect adverse effects would occur under each of the
four alternatives. The extent of change in water quality, flow, sedimentation, and
habitat from discharge of CBM produced waters into surface drainages would be
greatest under Alternative 1, followed by Alternative 2B, Alternative 3, and Al-
ternative 2A, respectively. Aquatic species would be affected as mentioned
above, and restoration of biodiversity in sub-watersheds affected by CBM pro-
duced water discharge would require an extended period of time and would in-
clude controlling the spread of exotic species that may occur during the project.
Native species may have difficulty recolonizing historical habitats should exotic
species invade them, or if populations decline below levels that could sustain
popul ation growth.

Threatened, Endangered, or Sensitive Species

Unavoidable direct and indirect adverse effects to special-status wildlife species
would occur under each of the four aternatives. These include loss of some for-
aging and nesting habitats. Unavoidable adverse effects to special-status species
of plants could result from construction and vehicular trampling of plants.

Land Uses

For any of the alternatives, there would be unavoidable short-term, adverse indi-
rect effects to the land uses on properties adjacent to the Project-related facilities,
resulting from the from noise, traffic, and dust generated by the project-related
vehicles and equipment, primarily during the construction-related activities
within the Project Area.

Transportation

For any of the alternatives, there would also be unavoidable long-term indirect
adverse effects to the properties adjacent to the major access roads within the
Project Area due to generation of increased traffic, noise, and dust from the pro-
ject-related vehicles.

Quality of Life

Effects to quality of life may occur depending on an individual’s point of view.
For those that prefer the solitude and natural setting, their quality of life would be
affected for the life of the Project. Additionaly, not drilling Federal wells now
may result in future negative production rates on Federal minerals, due to deple-
tion of minerals from drilling on State and private lands.

Irreversible and Irretrievable Effects

An irreversible or irretrievable commitment of resources would occur when re-
sources would be consumed, committed, or lost as a result of the project. The
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commitment of resources would be irreversible if the project stated a process
(chemical, biological, or physical) that could not be stopped. As a result, the re-
source or its productivity or its utility would be consumed, committed, or lost
forever. Commitment of a resource would be considered irretrievable when the
project would directly eliminate the resource, its productivity, or its utility for the
life of the project and possibly beyond.

No irreversible or irretrievable effects would occur to air quality, visual or noise
resources. The following is a listing of the effects that would occur to the other
resources analyzed in this EIS.

Irreversible Effects

» Removal of natural gas
» Transfer of groundwater to surface water

Irretrievable Effects

Loss of vegetative cover for several years until reclamation is successful
Loss of riparian vegetation over life of Project

Loss of portions of big game winter range over life of Project

Loss of sensitive species habitat

Loss of livestock forage for several years until reclamation is successful

YV V V V V
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